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Pulse pressure during the initial resuscitative
period in patients with septic shock treated with a
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Background/Aims: Maintaining a mean arterial pressure (MAP) = 65 mmHg
during septic shock should be based on individual circumstances, but specific
target is poorly understood. We investigated associations between time-weighted
average (TWA) hemodynamic parameters during the initial resuscitative period
and 28-day mortality.

Methods: Prospectively collected data were obtained from a septic shock patient
registry, according to the Sepsis-3 definition, between 2016 and 2018. The TWA
systolic blood pressure, diastolic blood pressure, MAP, shock index, and pulse
pressure (PP) during the first 6 hours after shock recognition were compared.
Multivariable regression analysis was performed to assess associations between
these parameters and 28-day mortality.

Results: Of 340 patients with septic shock, 92 died. Only the median TWA PP dif:
fered between the survivors and non-survivors (39.2 mmHg vs. 43.0 mmHg, p =
0.020), whereas the other indexes did not. When PP was divided into quartiles (<
34, 34 t0 40, 40 t0 48, and > 48 mmHg), the mortality rate was higher in the highest
quartile (41.2%). Multivariable logistic analysis revealed that PP (odds ratio [OR],
1.28; 95% confidence interval [CI], 1.012 to 1.622; p = 0.039) and PP of > 48 mmHg
(OR, 2.25; 95% CI, 1.272 t0 3.981; p = 0.005) were independently associated with 28-
day mortality.

Conclusions: PP was significantly associated with 28-day mortality in patients
with septic shock and MAP maintained at > 65 mmHg during the first 6 hours.
Further studies are warranted to optimize strategies for maintaining PP and
MAP at > 65 mmHg during the early resuscitative period.
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INTRODUCTION

tration of broad-spectrum antibiotic therapy, adequate
fluids, and vasopressors are key factors for improving

Septic shock is a life-threatening state caused by a dys-
regulated host response to infection [1]. Despite recent
medical advances and efforts, septic shock remains one
of'the global leading causes of death [1]. Early recognition
and vigorous resuscitative treatments such as adminis-
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outcomes in patients with sepsis [2]. The guidelines of
the Surviving Sepsis Campaign recommend that mean
arterial pressure (MAP) be maintained at = 65 mmHg in
patients with septic shock (Grade 1B recommendation)

[2].
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MAP reflects the driving pressure of tissue perfusion,
and targeting MAPs of = 65 mmHg may restore adequate
organ perfusion in patients with septic shock, as their
autoregulatory system for maintaining regional perfu-
sion is impaired [2,3]. A recent multicenter trial showed
no significant differences in mortality rates between
high- (8o to 85 mmHg) and low-target (65 to 70 mmHg)
patients with septic shock; however, high-target patients
with a medical history of chronic hypertension had sig-
nificantly lower requirements for renal replacement
therapy [4]. Besides, MAP does not reflect age-related
changes in blood pressure as well as pulse pressure (PP)
[5]. Therefore, personalized guidelines for optimizing
blood pressure management during the initial resusci-
tative period seem to be necessary to optimize outcomes
in patients with septic shock [2].

PP is defined as the difference between systolic blood
pressure (SBP) and diastolic blood pressure (DBP). A
high PP may be a sign of stiffness of the arterial walls
and has been associated with mortality in patients with
cardiovascular disease, those undergoing hemodialysis,
and those with ischemic stroke [6-9]. Little is known,
however, about the relationship between PP and septic
shock. PP may have a distinct pathophysiological mech-
anism associated with outcomes in patients with septic
shock and may provide additional information, espe-
cially in patients with septic shock treated by targeting
a MAP of = 65 mmHg. A better understanding of he-
modynamic parameters during the initial resuscitative
period in patients with septic shock will contribute to
improvements of the initial resuscitative strategy.

We hypothesized PP would have prognostic value
for the outcomes of septic shock patients because it is
influenced by arterial stiffness, heart function, and in-
tra-vascular volume, which together sensitively reflect
the patient’s status. The aim of the present study was
to investigate the association between time-weighted av-
erage (TWA) hemodynamic parameters, including SBP,
DBP, MAP, shock index (SI), and PP, during the initial
resuscitative period and 28-day mortality in patients
with septic shock treated with a protocol-driven resusci-
tation therapy bundle, including maintaining the MAP
at = 65 mmHg.
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METHODS

Study design and participants

We performed a retrospective cohort study based on
a single-center, prospectively collected registry. The
emergency department (ED) of Asan Medical Center
has participated the Korean Shock Society (KoSS) septic
shock registry study since October 2015. The KoSS septic
shock registry study collects data pertaining to patients
with septic shock at 10 teaching hospitals across South
Korea [10]. Following the protocol of KoSS septic shock
registry study, our center included all adult patients (=
19 years) when they showed evidence of refractory hy-
potension or hypoperfusion with suspected or con-
firmed infection within 6 hours after ED presentation
[1,11]. Refractory hypotension was defined as sustained
hypotension despite an intravenous fluid supply of =
20 to 30 mL/kg or the need for vasopressors to preserve
an SBP of > go mmHg or MAP of > 70 mmHg [11]. Hy-
poperfusion was defined as a lactate concentration of
> 4 mmol/L [12]. Patients were excluded if they refused
intensive management or consented to a “do not resus-
citate” order, developed septic shock 6 hours after ED
arrival, were directly transferred to another hospital at
ED, or refused enrollment in the septic shock registry
[13-15]. Among the septic shock patients, about 75% of
patients were finally enrolled. The most common rea-
son for exclusion was having “do not resuscitate” order
(56%), followed by refusal of enrollment (28%), develop-
ment of septic shock 6 hours after ED arrival (12%), and
a direct transfer to another hospital at ED (4%). Patients
were followed up until 28 days after hospital admission
or the time of death. The study protocol was approved
by the Institutional Review Board of Asan Medical Cen-
ter (IRB No. 2018-1020), and informed consent was ob-
tained prior to patient enrollment.

In this study, we extracted the patients who met the
criteria of the Third International Consensus for Sepsis
and Septic Shock (Sepsis-3), and admitted to ED between
June 1, 2016, and April 30, 2018. The Sepsis-3 criteria in-
clude persistent hypotension requiring vasopressors
and a serum lactate concentration of > 2 mmol/L after
adequate fluid administration [1]. Patients were catego-
rized into 28-day survivor and non-survivor groups.
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Management and data collection

All the patients were treated with a protocol-driven re-
suscitation bundle therapy in accordance with the Sur-
viving Sepsis Campaign guidelines, which included
adequate fluid resuscitation (at least 30 mg/kg of crystal-
loids), vasopressor administration, acquisition of blood
cultures before starting the antimicrobial therapy and
antibiotic treatment [2,11]. We used norepinephrine (NE)
as an initial vasopressor agent and added vasopressin at
a dose of 0.04 units/minute when vital signs were unsta-
ble despite the use of NE at a dose of = 0.2 pg/kg/min.
And we added epinephrine when vital sign was not sta-
bilized, if NE infusion rate of 0.4 pg/kg/min or more was
required. Arterial and central venous lines were routine-
ly inserted and monitored continuously in patients who
required high-dose vasopressors, defined as a dosage of’
= 0.1 ug/kg/min, to achieve MAPs of = 65 mmHg.

Information on demographic and clinical character-
istics, including age, sex, comorbid diseases, infection
focus, laboratory findings, and 28-day mortality were
obtained from the registry. We analyzed the vital signs
measured during the first 6 hours after the recognition
of septic shock. These data were extracted from the elec-
tronic medical records. SBP, DBP, and heart rate (HR)
were recorded automatically every minute in the inten-
sive care unit and manually at least once every hour in
the ED. As manual recordings input into the electron-
ic medical records in the ED may contain errors, SBPs
higher than 220 mmHg or those lower than their cor-
responding DBP (or 20 mmHg) were discarded because
such values are improbable.

TWA hemodynamic parameters were calculated, in-
cluding SBP, DBP, HR, and MAP. The MAP was calcu-
lated as 2 /3 x DBP +1 /3 x SBP. Because of their unequal
intervals of measurements, TWA was used to estimate
their averages. TWA parameters were calculated using
the following equation (Fig. 1).

n n
TWA value = > ([Tu+1-T1] x Ay =, Tt

=1 =1

In addition, the TWA of PP (SBP - DBP) and SI (HR
| SBP) were determined. The primary outcome was 28-
day mortality.
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Figure 1. Time-weighted average calculation formula.

Statistical analysis

Non-normally distributed continuous variables, as
determined using Kolmogorov-Smirnov tests, are re-
ported as median and interquartile ranges (IQRs) and
compared using Mann-Whitney U tests. Categorical
variables are reported as number and percentage and
compared using the chi-square or Fisher exact test, as
appropriate. The associations of the baseline charac-
teristics and hemodynamic parameters with the 28-day
mortality rates were analyzed using univariable logistic
regression. The variables with an entry-level signifi-
cance of p values of < 0.10 in univariable analysis, age,
and sex were selected for multivariable stepwise logistic
regression analysis with a backward elimination meth-
od. The results were summarized by estimating the ad-
justed odds ratios (ORs) and 95% confidence intervals
(CIs). Models were tested for goodness-of-fit using the
Hosmer-Lemeshow method (Supplementary Table 1).
Two-sided p values of < 0.05 were considered statistical-
ly significant. All statistical analyses were performed us-
ing IBM SPSS Statistics version 21.0 for Windows (IBM
Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics

During the study period, 523 patients with septic shock
were enrolled in the septic shock registry, among whom
340 fulfilled the clinical criteria for septic shock accord-
ing to the Sepsis-3 definitions and were included in this
study (Fig. 2). The median number of vital signs checks
per patient enrolled with septic shock was 10 (IQR, 8 to
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14), and only one patient died within 6 hours of presen-
523 Septic shock tation. Among the 340 patients, 92 (27.1%) died within 28

183 Exclusion days after presentation to the ED.

Sepsis 2 The 340 patients included 215 men (63.2%) and 125

women (37.8%) with a median age of 66.0 years (Table 1).

S SR S el Comorbid diseases did not differ significantly between

the 28-day survivors and non-survivors. The respirato-

/ \ ry tract (n = 109, 32.1%) was the most common focus of

28-Day non-survivors 28-Day survivors infection, followed by the hepatobiliary tract (n = 106,
(n=92,27.1%) (n =248, 72.9%) 31.2%) and the urinary tract (n = 46, 13.5%). Respiratory
Figure 2. Flowchart of the study patients. tract infection was significantly more frequent (44.6% vs.

27.4%, p = 0.001), whereas urinary tract infection was sig-

Table 1. Demographic and clinical characteristics of the 28-day non-survivors and survivors among patients with septic shock

Characteristic Total (n = 340) 28-day non-survivor (n = 92) 28-day survivor (n=248) pvalue
Age, yr 66.0 (57.0-75.0) 67.0 (58.3-77.8) 65.0 (57.0—74.0) 0.101
Male sex 215 (63.2) 57(62.0) 158 (63.7) 0.430
Comorbid disease
Hypertension 128 (37.6) 30(32.6) 98 (39.5) 0.149
Diabetes mellitus 116 (34.1) 32(34.8) 84(33.9) 0.486
Liver cirrhosis 77 (22.6) 21 (22.8) 55 (22.2) 0.419
Coronary artery disease 37 (10.9) 11 (12.0) 26 (105 0.415
Chronic kidney disease 29 (8.5) 9(9.8) 20(8.2) 0.378
Focus of infection
Respiratory tract 109 (32.1) 41 (44.6) 68 (27.4) 0.001
Hepatobiliary tract 106 (31.2) 25 (27.2) 81(32.7) 0.067
Urinary tract 46 (13.5) 5(5.4) 41 (16.5) 0.003
Gastrointestinal tract 43 (12.6) 8(87) 35 (14.1) 0.063
Others 47 (13.8) 12.(13.0) 35 (14.1) 0.138
Laboratory results
WBC, x 10*/uL 10.5 (4.3-17.9) 9.4 (3.6-16.6) 10.8 (4.7-28.0) 0.312
Hemoglobin, g/dL 10.6 (9.0-12.5) 10.5(8.7-12.1) 10.6 (9.1-12.7) 0.165
Platelet, x 103/pL 134.5 (63.0-196.3) 130.0 (45.5-191.5) 135.0 (68.0-197.0) 0309
Creatinine, mg/dL 1.6 (1.1-2.6) 17 (1.1-2.7) 1.6 (1.1-2.6) 0.271
Total bilirubin, mg/dL 1.2 (0.6-2.6) 1.2 (0.5-2.7) 1.2 (0.7-2.6) 0.254
Prothrombin time, INR 1.4 (1.2-1.7) 1.4 (1.3-1.9) 13 (1.2-1.6) 0.005
CRP, mg/dL 12.8 (4.8-22.0) 15.9 (6.8—26.1) 11.5 (4.3—21.3) 0.022
Troponin I, ng/mL 0.06 (0.01~0.23) (n = 266) 0.07 (0.02-0.28) (n = 78) 0.05(0.01-0.22)(n=188)  o0.211
Lactate, mmol/L 5.1(3.5-7.4) 6.5(3.7-9.9) 4.8 (3.3-6.6) 0.001
SOFA score 6.0 (4.0-8.0) 7.0 (5.0-9.0) 6.0 (4.0-8.0) 0.001

Values are presented as median (interquartile range) or number (%).
WBC, white blood cell; INR, international normalized ratio; CRP, C-reactive protein; SOFA, sequential organ failure assess-
ment.
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Table 2. Comparison of the hemodynamic parameters that affect 28-day mortality

TWA-6-hr Total (n = 340) Non-survivor (n = 92) Survivor (n = 248) p value
MAP, mmHg 71.6 (67.8-77.7) 71.4 (68.0-77.9) 71.7 (67.7-77.7) 0.879
SBP, mmHg 99.2(92.3-108.0) 1015 (93.2-112.7) 08.4(91.6-106.7) 0.076
DBP, mmHg 57.8 (53.3-63.4) 57.1(51.2—63.0) 58.2 (53.7-63.7) 0.153
SI 1.06 (0.92-1.23) 1.06 (0.94-1.27) 1.06 (0.90-1.22) 0.244
PP, mmHg 40.3 (34.1-48.0) 43.0 (34.5-53.4) 39.2(33.9-46.1) 0.020

TWA-6-hr, time-weighted average during the first 6 hours after septic shock; MAP, mean arterial pressure; SBP, systolic blood
pressure; DBP, diastolic blood pressure; SI, shock index; PP, pulse pressure.

Table 3. Multivariable logistic regression analysis for predicting the effects on 28-day mortality in patients with septic shock

Variable Odds ratio 95% Confidence interval pvalue
Lung infection 2.05 1.209-3.470 0.008
CRP 1.03 1.004-1.049 0.021
Lactate 1.14 1.057-1.234 0.001
SOFA score 1.10 1.014-1.192 0.022
6-hour T'WA pulse pressure 1.28 1.012-1.622 0.039

CRP, C-reactive protein; SOFA, sequential organ failure assessment; TWA, time-weighted average.

nificantly less frequent (5.4% vs. 16.5%, p = 0.003) in the
28-day non-survivors than in the survivors.

Assessments of laboratory findings revealed that pro-
thrombin time (international normalized ratio, 1.4 vs.
13; p = 0.005), lactate concentration (6.5 mmol/L vs. 4.8
mmol/L, p = o.001), C-reactive protein concentration
(15.9 mg/dL vs. 115 mg/dL), and sequential organ failure
assessment (SOFA) score (7.0 vs. 6.0, p = 0.001) were sig-
nificantly higher in the non-survivors than in the sur-
vivors, whereas white blood cell and platelet counts did
not significantly differ between the two groups.

TWA hemodynamic parameters and outcomes
Table 2 shows the TWA hemodynamic parameters of
the patients with septic shock, grouped by 28-day surviv-
al. The median TWP-PP was significantly higher in the
NON-Survivors (43.0 vs. 39.2, p = 0.020), whereas other he-
modynamic parameters, including MAP, SBP, DBP, and
SI, did not significantly differ between the two groups.
The multivariable analysis revealed that 6-hour TWA
PP (adjusted OR, 1.28 mmHg; 95% CI, 1.012 to 1.622; p =
0.039), lung infection (adjusted OR, 2.05; 95% CI, 1.209
to 3.470; p = 0.008), C-reactive protein concentration (ad-
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Figure 3. Relationship between 28-day mortality rate and
quartile of time-weighted average pulse pressure.
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justed OR, 1.03; 95% CI, 1.004 t0 1.049; p = 0.021), lactate
concentration (adjusted OR, 1.14; 95% CI, 1.057 to 1.234;
p = o0.001), and SOFA score (adjusted OR, 1.10; 95% CI,
1.014 to 1.192; p = 0.022) were independent predictors of
28-day mortality in patients with septic shock (Table 3).

Quartiles of TWA PP and 28-day mortality

When TWA PP was divided into quartiles (< 34, 34 to 40,
40 1o 48, and > 48 mmHg), the 28-day mortality rates in
these subgroups were 22.4%, 22.4%, 22.4%, and 41.2%, re-

https://doi.org/10.3904/kjim.2020.056


www.kjim.org

Lee SH, et al. Pulse pressure for septic shock patients

spectively (Fig. 3). The multivariable logistic regression
analysis revealed that PPs of > 48 mmHg (OR, 2.25; 95%
CI, 1.272 t0 3.981; p = 0.005) were independently associat-
ed with the 28-day mortality rate.

DISCUSSION

This study was performed to evaluate the association be-
tween hemodynamic parameters during the initial re-
suscitative period and 28-day mortality rates in patients
with septic shock. Among the TWA SBP, DBP, MAP, SI,
and PP during the first 6 hours after shock recognition,
we found that only higher TWA PPs were significantly
associated with patient mortality.

In our study, a high TWA PP in the early phase of
septic shock showed an independent association with
28-day mortality. High PP is a strong predictor of car-
diovascular morbidity/mortality in the geriatric pop-
ulation and among patients with hypertension, coro-
nary heart disease, diabetes mellitus, and renal disease
[16-20]. However, there is a paucity of studies about the
prognostic value of PP in regards to mortality of patients
with sepsis, especially among patients administered a
resuscitation therapy bundle including maintaining
MAP at > 65 mmHg [21].

PP is a surrogate parameter of arterial stiffness, but it
is also a dynamic parameter that is instantly influenced
by the pattern of ventricular ejection, distensibility of
the large arteries, the timing of reflected waves, and the
HR [18]. Administration of fluids and vasopressors to
increase the MAP during the early resuscitation phase
would cause different changes of blood parameters ac-
cording to the patient’s status (i.e., an increase in SBP or
DBP only or increases of both). Vasopressors and flu-
ids can cause an increase in SBP with maintenance of
DBP, and consequently, a high PP in elderly patients or
others, who are highly likely to have increased arterial
stiffness [22].

Lamontagne et al. [22] recently demonstrated no dif-
ference in mortality between a permissive hypotension
(MAP target, 60 to 65 mmHg) group and a usual care
group in older critically ill patients with vasodilatory
hypotension. The results of this study imply that arti-
ficially raising the blood pressure by administration of
high-dose catecholamine agents will cause harm and
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no benefit for septic shock patients, and other physio-
logic variables are more appropriate for targeting and
monitoring [22-26]. A low PP might be one of the target
physiologic variables, allowing for a MAP target of 6o to
65 mmHg, especially in elderly patients or those with
preexisting hypertension.

A previous study assessing the correlation between
PP and mortality in patients with sepsis found that the
mortality rate was significantly lower in patients with
PP > 70 mmHg than in those with lower PPs (OR, 0.67;
95% CI, 0.54 to 0.83; p = 0.003), suggesting that PP could
be used as a prognostic factor to assess and implement
management in patients with sepsis [21]. The discrep-
ancy between their results and our findings may be due
to the differences between the patient populations (sep-
tic shock vs. sepsis) and blood pressure measurement
methods (indwelling arterial catheter vs. arm cuffs).
Moreover, in contrast to measuring blood pressure pa-
rameters once, at ED admission, we evaluated patients’
vital signs by continuous measures of cumulative param-
eters. We thought the TWA could reflect the variability
of hemodynamic parameters during the resuscitation
period more effectively than assessment of changes in
hemodynamic parameters at regular time points. Our
study design is therefore more appropriate to determine
the association between PP and mortality. Another pos-
sible explanation for the inter-study discrepancy may
be that septic shock in our patients was defined in ac-
cordance with the Sepsis-3 definition; thus, it included
septic shock patients with more severe conditions and
worse outcomes than those included in prior studies us-
ing outdated definitions of septic shock [27,28].

SI, calculated as HR divided by SBP, has been associ-
ated with early recognition and mortality of septic and
hypovolemic shock [29-32]. In this study, however, the
SIs in the patients with septic shock did not have a sig-
nificant impact on survival outcomes.

This study had several limitations. Firstly, although
all the patients were treated in accordance with the lat-
est guidelines, information on fluids and vasopressor
agents used during the acute phase of sepsis was not an-
alyzed together, and their potential effects were not con-
trolled. Secondly, cardiovascular function would affect
the PP, which is an important confounding factor that
should be adjusted. However, the majority of our study
patients were not evaluated the cardiovascular function
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during the resuscitation period, and this would be con-
sidered to interpret our results. Thirdly, owing to its
short follow-up period, long-term outcomes in patients
with sepsis could not be determined. Finally, we did not
consider the effect of vasopressor use and volume status,
which could affect the hemodynamic parameters.

In conclusion, of all the hemodynamic parameters
measured, only PP was significantly associated with
28-day mortality rates in patients with septic shock, de-
fined in accordance with Sepsis-3 criteria, with the MAP
maintained at > 65 mmHg during the first 6 hours. This
study, however, did not show that adding PP as a new
therapeutic target could improve mortality rates.

KEY MESSAGE

1. During septic shock initial resuscitation, the
target ranges of hemodynamic parameters be-
ing lack of understanding.

2. During the first 6 hours, maintaining the ad-
equate mean arterial pressure as well as opti-
mize pulse pressure was significantly associat-
ed with 28-day survival in patients with septic
shock.
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Supplementary Table 1. Linear regression analysis for 28-day survivor

Dependent Predictors B Beta t pvalue VIF

28-day survivor Sex —0.25 —0.027 —0.506 0.613 1.060
Age 0.002 0.066 1.254 0.211 1.071
UTI —0.159 —0.122 —2.257 0.025 1.125
Lung infection 0.106 0.112 2.106 0.036 1.076
CRP 0.005 0.119 2.287 0.023 1.033
Lactate 0.026 0.187 3.546 < 0.001 1.059
TWA PP quartile 0.038 0.095 1.768 0.078 1.109
SOFA 0.019 0.133 2.513 0.012 1.069

VIF, variance inflation factor; UTI, urinary tract infection; CRP, C-reactive protein; TWA PP, time-weighted average pulse
pressure; SOFA, sequential organ failure assessment.

www.kjim.org https://doi.org/10.3904/kjim.2020.056


www.kjim.org

