
ORIGINAL ARTICLES 

ROM. J. INTERN. MED., 2020, 58, 2, 75–80 
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Background. Early intervention for septic shock is crucial to reduce mortality and improve 
outcome. There is still a great debate over the exact time of therapeutic plasma exchange (TPE) 
administration in septic shock patients. This study aims to investigate the effect of early initiation 
(within 4 hours) of TPE in severe septic shock on hemodynamics & outcome. 

Methods. We conducted a prospective, before-after case series study on 16 septic shock patients 
requiring high doses of vasopressors admitted in two ICUs from Cairo, Egypt. All of our patients received 
TPE within 4 hours of ICU admission. The fresh frozen plasma exchange volume = 1.5 × plasma volume. 

Results. In the 16 patients included in the study, mean arterial pressure was significantly 
improved after the initial TPE (p < 0.002) and norepinephrine dose which significantly reduced post 
TPE (p < 0.001). In addition, norepinephrine dose to mean arterial pressure significantly improved  
(p < 0.001). There was reduction of a net 6 hours fluid balances following the first TPE were 
observed in all the patients (p <  0.03) by a mean of 757 ml. Systemic vascular resistance index was 
markedly improved post-TPE along with statistically improved cardiac index (p < 0.01). Stroke 
volume variance was also significantly decreased after the TPE sessions (p < 0.01). C-reactive protein 
significantly improved after TPE (P < 0.01). 

Conclusion. Early initiation of TPE in severe septic shock patients might improve hemodynamic 
measures.  
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INTRODUCTION 

Sepsis is a life threatening dysregulated host 
response to infection. Given the injurious role of the 
overwhelming immune response and the consumption 
of protective plasmatic factors such as ADAMTS13 
(a disintegrin and metalloproteinase with a 
thrombospondin type 1 motif, member 13), it was 
hypothesized that early therapeutic plasma exchange 
(TPE) in severely ill individuals might be beneficial 
as it combines two aspects in one procedure; removal 
of harmful circulating molecules as well as replacement 
of protective plasma protein [1].  

Latest septic shock guidelines in 2016 clarify 
that further studies are needed to determine the clinical 
benefit of TPE as the present trials are small, unblended, 
with high-risk of bias and unclear patient selection [2]. 

The exact time of the administration of TPE 
in reduction of septic shock mortality is uncertain in 
different studies available regarding this issue [3–9]. 

Septic shock is considered a medical emergency. 
Early identification with appropriate immediate 
intervention in the initial hours definitely improves 
the outcomes [10–16]. The guidelines announced that 
these complex patients need urgent rapid treatment, 
besides attaining more precise measurements of 
hemodynamic status from them [17–22]. 

This study aims to investigate the effect of 
early initiation (within 4 hours) of TPE in septic 
shock on hemodynamics and outcome. 

MATERIAL AND METHODS 

This study is a prospective observational study 
conducted at two general intensive care units of Cairo 
University Hospitals from July 2018 to January 
2019. It is approved by the Ethical and Research 
Committee of the National Research Centre.  

Inclusion criteria 

Sixteen patients with severe septic shock with an 
onset < 12 hours requiring high doses of noradrenaline 
(> 0.6 mcg/kg/min) were included in the study.  

Sepsis is now defined as life-threatening organ 
dysfunction caused by a dysregulated host response 
to infection. Septic shock is a subset of sepsis 
with circulatory and cellular/metabolic dysfunction 
associated with a higher risk of mortality [23]. 

All of our patients were subjected to recording 
the conventional clinical and chemical data. All 
patients received septic shock management according 
to recent sepsis guidelines treatment in addition to 
TPE within 4 hours of ICU admission.  
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Continuous hemodynamic monitoring was 
done using the cardiothoracic impedance (ICON), 
OSYPKA Medical, Cardiotronic.  

Exclusion criteria 

Patients who need renal replacement therapy. 

TPE procedure 

A median of two TPE therapies (with a range 
1–3) were performed for each patient according to 
the clinical situation. 

Fresh frozen plasma exchange volume:   
1.5 × plasma volume. Estimated plasma volume  
(in liters) = 0.07 × weight (kg) × (1-hematocrit). Heparin 
was used for anticoagulation. Membrane technique 
was used in all patients. We used membrane Gambro 
PF 2000 (polypropylene, 0.4 m2; Gambro, Hechingen, 
Germany). Anti-histamines were given as pre-treatment 
medications. TPE sessions were stopped if progressive 
hemodynamic instability had occured.  

Statistical analysis 

Numerical variables are presented as mean ± 
SD, and categorical variables as frequencies and 
percentages. For the comparison between the two 
independent groups, the Chi-squared test or Fischer’s 
exact test were used to compare percentages between 
different groups of patients. Numerical data were 
tested for normality by the Shapiro-Wilk normality 
test. Normally distributed data were analyzed using 
independent samples T-test. Data found to be non-
normally distributed were analyzed using the Mann-
Whitney U test. Paired samples were compared 
using the paired-samples T-test or the Wilcoxon 
signed-rank test as appropriate. Data analysis was 
done using Statistics/Data Analysis (STATA) version 
13.1 software. 

RESULTS 

Demographic and some laboratory data of 
our 16 patients are shown in Table 1. 

 
Table 1 

Demographic data of studied population (Total 16 patients) 

 Number/% 
Age  56 ± 4.5 y 
Sex   

Male  10 (62.5%) 
Female  6 (37.5%) 

Chronic disease   
DM 12 (75%) 
HTN  10 (62.5%) 
CKD 9 (56.25%) 
CLD 3 (18.75) 
Malignancy 1 (6.25%) 

Source of sepsis  
Surgical site 6 (37.5%) 
Pneumonia  3 (18.75) 
Intra-abdominal  5 (31.25) 
UTI 2 (12.5%) 

Lab results  
TLC mean ± SD  21.4 ± 3.6 

Platelet count (range) 
1 day before initiation of first TPE 

Mean 78,000 
Range (45,000–140,000) 

1 day after first TPE Mean 63,000 
Range (50,000–160,000) 

Culture results  
Gram –ve organisms 16 (100%) 
Gram +ve organisms 6 (37.5%) 
Fungal organisms 3 

APACHE score 36.6 ±4.2 
MV duration (days) 4 ± 2 
ICU stay (days) 7 ± 4 
Mortality  10 (62.5%) 

DM = Diabetes mellitus; HTN = Hypertension; CKD = chronic kidney disease; CLD = chronic liver disease; UTI = urinary tract 
infection; TLC = total leucocytes count, MV = mechanical ventilation. 
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Clinical data 

Mean arterial pressure was significantly improved 
after the initial TPE (p < 0.002). Norepinephrine dose 
was significantly reduced post TPE (p < 0.001). 

In addition, norepinephrine dose to mean arterial 
pressure significantly improved, (p < 0.001). There 
was a reduction of net 6 hours of fluid balances 
following the first TPE observed in all the patients 
by a difference of 757 mL (p < 0.03) (Table 2). 

 
Table 2 

Routine clinical shock parameters (Total 16 patients) 

Parameter Pre – TPE Post – TPE p value 
Mean arterial pressure MAP (mm Hg) 68.65 ± 8.19 70.92 ± 6.33 <0.002 
Norepinephrine dose (NE) µg/kg/min 0.72 ± 0.08 0.51 ± 0.10 <0.001 
MAP/NE dose ratio  86 ± 43 109 ± 47 <0.001 
6 hours fluid balance (ml) 2720 ± 2518 1963 ± 1805 <0.03 

MAP = Mean arterial pressure. 
 

CRP was significantly improved after TPE 
(p < 0.01). Minor changes in the oxygenation index 
with non-significant results. Lactate mildly increased 
post-TPE sessions but also this was insignificant 
(Table 3). 

Hemodynamic measures 

Systemic vascular resistance index, a surrogate 
of afterload was markedly improved post-TPE along 
with statistically improved cardiac index, p < 0.01. 
Stroke volume variance also was significantly decreased 
after the TPE sessions, p < 0.02 (Table 4). 

Mortality 

Mean APACHE score at inclusion was 36.6 
±4 with a predicted mortality of 86.7%. However, 
the true measured mortality was only 62.5%. The 
time at which 50% of patients have died was 7 days 

from onset of follow up with 95% CI: 5.40–8.59 as 
shown in Table 1 and Figure 1. 

 

 
Figure 1. Kaplan Meier curve showing  

our patients mortality. 
 

Table 3 
Biochemical surrogate and oxygenation (Total 16 patients) 

Parameter Pre – TPE Post – TPE p value 
C-reactive protein CRP mg/l 205 ± 101  102 ± 65  0.01<   
Lactate mmol/l 6.7± 3.6  7.4 ± 2.8  NS 
Oxygenation index PaO2/FiO2 110 ± 50.5  109 ± 49.2   NS 

 
Table 4 

Hemodynamic monitoring parameters (Total 16 patients) 

Parameter Pre – TPE Post – TPE p value 
Systemic vascular resistance index (SVRI)  1355 ± 396 1506 ± 611   < 0.01 
Stroke volume variance (SVV) 16.7 ± 12.4  7.95 ± 6.52   < 0.02 
Cardiac index (CI) 2.7 ± 1.2 3.4 ± 101  < 0.01 

 
DISCUSSION 

Despite adequate antibiotics administration, 
the gold standard treatment and the most powerful 
management strategy for septic shock as recommended 

by numerous guidelines, the estimated prevalence 
of mortality in those patients reach up to 70% [10].  

In this line of concept, the need for searching 
for other interventions and treatment modalities aside 
from antibiotic therapy is urgently needed in a trial 
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to overcome the high mortality rate for a common 
disease. Such disease represents a significant clinical 
and economic problem in ICU, particularly in the 
early phase of sepsis during the period of cytokines 
over-production. [3]. 

Improving coagulation, hemodynamics and 
replenishment of useful factors is a good rationale for 
the use of (TPE) [4] as suggested in some small trails. 
However, the optimum timing of administration of 
TPE is still debatable and studies on TPE after  
24 hours of ICU admission demonstrated no 
significant reduction of mortality [5, 24]. 

We aim in this study to determine whether 
application of very early TPE within 4 hours of 
ICU admission can improve or not septic shock 
haemodynamic parameters, which are prognostically 
important in those patients. 

The key finding of this study is that septic 
shock parameters are significantly improved in patients 

treated with very early TPE (within 4 hours) such as 
the mean arterial pressure, reduction of norepinephrine 
dose, improvement of norepinephrine dose to mean 
arterial pressure and the reduction of net 6 hours fluid 
balances by a mean of 757 ml. Moreover, the mortality 
in our sample was lesser than the mortality predicted 
by the APACHE score (62.5%, versus 86.7%), which 
could suggest a reduction in mortality, too. 

In addition, hemodynamic parameters like 
Systemic vascular resistance index (a surrogate of 
afterload) and Stroke volume variance are markedly 
improved post-TPE along with improved cardiac 
index.  

By literature review, there are some other 
recent researches between 2000 and 2018 that 
studied the effect of TPE as a rescue therapy in 
severe sepsis and septic shock populations. Some 
of these studies are summarized in Table 5. 

 
Table 5 

Recent researches studied TPE in sepsis and septic shock 

Study Description No. of pts Populations 
studied Main end-points Timing of TPE Results 

Johannes 
Hadem et al., 
2014 [9] 

Retrospective 
observational 
single-centre 
study 

23 
consecutive 
patients 

Severe sepsis or 
septic shock 

Main surrogate 
markers of multiple
organ failure 
before, during and 
after TPE as well 
as survival rates. 

TPEs were performed 1 
day after ICU admission 
in 7 patients and range 
from day 2–26 in the 
others. 

Data suggest that some 
patients with severe sepsis 
and septic shock may 
experience hemodynamic
stabilisation by early TPE
therapy. 

Busund R.  
et al., 2002 
[6] 

Prospective, 
randomised, 
study 

106 
Patients 

Severe sepsis or 
septic shock 

28-day survival 
was the primary 
end point. 

Immediately after the 
diagnosis of severe sepsis 
or septic shock, the patients 
were randomised to 
receive TPE. In addition 
to conventional sepsis 
treatment or conventional 
sepsis treatment alone. 

Non conclusive 

Stegmayr 
BG, 2003 [8] 

Retrospective 
study 

76 
consective 
patients 

DIC and MOD 
syndrome 
Septic shock 
was present in 
88%, while the 
others had 
another reason 
than sepsis for 
the MOD 
syndrome 

Survival rates Not specified Varying results 

Ataman K. 4, 
2002 [7] 

Retrospective 
observational 
study 

7 patients Six surgical and 
one medical with 
norepinephrine-
refractory septic 
shock 

To examine the short-
term cardiovascular
effects of 
plasmapheresis, 
catecholamine dose, 
gas exchange, acid-
base status, diuresis, 
C-reactive protein, 
white blood cell 
count, and Simplified 
Acute Physiological 
Score II. 

As a rescue therapy but 
time not specified 

No changes in measured 
variables were found in 
the first 24 h after a TPE. 
They recommend that the
procedure needs rigorous 
evaluation even as 
“rescue therapy” in 
patients with septic 
shock. 
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Continued (Table 5) 

Ronco C., 
2002 [5] 

Prospective, 
pilot, 
crossover 
clinical trial 

10 patients Septic shock 
combined with 
haemodialysis 

Mean arterial 
pressure, 
norepinephrine 
requirements, and 
leukocyte tumor 
necrosis factor-
alpha  

Not specified Improved hemodynamics 
were found (Changes 
were found in the studied 
parameters after 10 hrs of
each treatment). 

Schmidt J., 
2000 [4] 

Observational 
pilot study 

43 Continuous 
venovenous 
hemofiltration 
(CVVHF) 
combined with 
TPE in sepsis 

Arterial blood 
pressure, cardiac 
output, and 
systemic vascular 
resistance values 
were monitored 

Not specified Reduction in mortality in 
single- and double-organ 
failure in 28% of septic 
patients with combined 
extracorporeal 
detoxification 

Hjorth V.  
et al., 2000 [3] 

Retrospective 
study 

17 Septic shock 
 

Survival of the 
patients 

Not specified Non conclusive 

 
Our study is different in many aspects, as our 

study is prospective. In addition, time of TPE is 
fixed in all patients and heterogeneity is absent in 
the studied populations. We focus on septic shock 
patients in contrast to others who enrolled severe 
sepsis patients, and we focus on hemodynamic 
parameters. 

However, as any research, the limitations of 
this study are the small sample size and the lack of 

a control group; therefore, future studies are needed 
in order to confirm the possible effect of early TPE. 

CONCLUSION 

Early initiation of TPE in severe septic 
shock patients might be beneficial regarding 
hemodynamics. 

 
 
Introducere. Intervenţia rapidă pentru şocul septic este crucială pentru a 

reduce mortalitatea şi a îmbunătăţi prognosticul. Încă nu este clar momentul în 
care trebuie iniţiată plasmafereza (TPE) la pacienţii cu şoc septic. Studiul îşi 
propune să investigheze efectul iniţierii rapide (primele patru ore) a plasmaferezei 
la aceşti pacienţi.  

Materiale şi metode. A fost realizat un studiu prospectiv de tip înainte-după 
pe 16 pacienţi cu şoc septic internaţi în două secţii de terapie intensivă din Cairo. 
Toţi pacienţii au primit plasmafereza în primele 4 ore de la internare.  

Rezultate.  Presiunea arterială medie s-a îmbunătăţit după prima plasmafereză 
(p < 0,002). S-a observat o reducere a balanţei nete hidroelectrolitice după prima 
plasmafereză cu o medie de 757 ml (p < 0,03). Rezistenţa vasculară periferică a 
fost îmbunătăţită post-TPE cu o ameliorare a debitului cardiac (p < 0,01). Nivelurile 
proteinei C reactive au fost semnificativ statistic îmbunătăţite dupa TPE (p < 0,01). 

Concluzii.  Iniţierea precoce a TPE la pacienţii cu şoc septic sever ar putea 
îmbunătăţi parametrii hemodinamici.  
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