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Abstract Background: Acute diffuse peritonitis remains a significant clinical challenge with persistently high global
mortality, especially when complicated by sepsis and multi-organ failure. This study aims to evaluate the impact of
therapeutic plasmapheresis (TP) on hemodynamics, oxygen transport, and endotoxemia in the multimodal management of
these patients. Methods: A prospective analysis was conducted on 85 patients (59 men, 26 women; age 18-75 years) with
diffuse purulent peritonitis (toxic stage, n=56; terminal stage, n=29) treated between 2022 and 2026. All underwent source
control surgery and intensive care. Parameters assessed included circulating blood volume (CBV), central hemodynamics
(via impedance cardiography), serum middle-mass molecules (MMM), and oxygen transport (TO2). The effects of different
plasma replacement solutions during TP were compared. Results: Two distinct postoperative hemodynamic patterns were
identified: hyperdynamic (n=57) and hypodynamic (n=28). Hypodynamic circulation was associated with significantly lower
stroke volume index (SVI: 25.140.82 vs. 45.61.5 ml/m=p<0.001) and cardiac index (Cl: 2.1340.07 vs. 4.5620.15 L/min/m=
p<0.001), and higher MMM levels (470.5+16.0 mg/mL in severe cases). MMM concentration showed a strong inverse
correlation with SVI, CI, and TO:. Plasma replacement with crystalloids alone worsened hypovolemia and cardiac
performance. In contrast, using hydroxyethyl starch (HES) or albumin significantly improved volemia, stroke volume, and
TO: (p<0.05). For hyperdynamic circulation, a 1:1.5 replacement-to-exsanguinated plasma ratio was optimal, while a 1:1
ratio was recommended for hypodynamic circulation. Conclusions: High endotoxemia in diffuse peritonitis necessitates the
inclusion of TP. However, the choice of plasma replacement solution is critical. Crystalloid-only replacement is suboptimal,
while HES, albumin, or combined solutions provide superior hemodynamic support and detoxification efficacy.
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Therapeutic plasmapheresis (TP) is an advanced method

1. Introduction

Acute generalized peritonitis remains a formidable
challenge for clinicians, particularly surgeons. Despite
advances in diagnostics and treatment, global mortality
rates range from 4.5% to 58%, increasing to 70% when
complicated by sepsis, septic shock, or multiple organ failure
[1-3]. A critical driver of poor outcomes is severe endogenous
intoxication (El), caused by microbial influx, release of
biologically active substances from necrotic tissues, and
subsequent microcirculatory disturbances leading to vital
organ dysfunction [4].
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for managing endogenous intoxication syndrome (EIS). It
allows for the removal of pathological proteins and immune
complexes while replenishing deficient blood components
[5]. However, information remains scarce on how different
TP techniques and plasma replacement solutions affect
circulatory parameters, blood volume, oxygen transport,
and serum levels of medium-mass molecules (MMM) in
peritonitis patients. Timely detection and correction of these
disturbances are crucial for improving outcomes. This study
aims to improve short-term treatment outcomes in patients
with generalized secondary peritonitis by identifying optimal
surgical and perioperative strategies, with a focus on the role
of TP.

2. Materials and Methods

2.1. Study Design and Patients
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From 2022 to 2026, 85 patients with diffuse purulent
peritonitis in the toxic (n=56) or terminal (n=29) stages were
treated at the Clinic of Surgical Diseases and the Intensive
Care Unit of the Andijan State Medical Institute (AGMI).
The cohort included 59 men (69.4%) and 26 women (30.6%),
aged 18 to 75 years (Table 1). The leading causes were acute
destructive appendicitis (31.8%), perforated gastroduodenal
ulcers (28.2%), and acute destructive cholecystitis (14.1%)
(Table 2). Patient severity was assessed using the B.D.
Savchuk (1979) classification, APACHE Il, SAPS, SOFA,
and MODS scales.

2.2. Surgical and Intensive Care Protocol

All patients underwent short-term preoperative correction
of water-electrolyte and acid-base balance. Surgical
intervention via midline laparotomy under general
endotracheal anesthesia aimed to eliminate the source of
peritonitis (Table 3). The comprehensive treatment protocol
included:

Source control and peritoneal lavage with 8-10 L of
antiseptic solution.

Intraoperative decompression and transnasal intubation of
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the small intestine using a modified double-lumen silicone
enteral tube.

Postoperative peritoneal dialysis and continued intestinal
lavage.

In severe cases, prolonged intra-arterial catheter therapy
via the superior mesenteric artery.

2.3. Assessment of Endogenous Intoxication and
Hemodynamics

Endogenous intoxication was assessed via leukocytosis,
leukocyte intoxication index (LII), and serum MMM
concentration using gel chromatography on Sephadex G-25
columns (normal: 0.24540.04 pg/mL, n=50 donors).
Circulating blood volume (CBV) and components were
measured using the plasma-hematocrit method with Evans
Blue dye [6]. Central hemodynamics (stroke volume [SV],
cardiac output [CO], stroke index [SI], cardiac index [CI])
were evaluated via impedance cardiography using a UM-300
monitor (UTAS). Systemic vascular resistance (SVR) was
calculated using standard formulas. Oxygen transport (TO:)
was calculated as: TO2= (Hb x 1.34 x HbO2+ 0.0031 x PaO2)
xCl.

Table 1. Distribution of patients by sex and age

Age Group Men (abs.) Men (%) Women (abs.) Women (%) Total (abs.) Total (%)
Up to 20 years 5 8.5 3 115 8 9.4
20-40 years 30 50.8 13 50.0 43 50.6
41-60 years 20 339 10 385 30 35.3
60 years and older 4 6.8 - - 4 4.7
Total 59 69.4 26 30.6 85 100
Table 2. Etiological factors of diffuse purulent peritonitis
Cause of Peritonitis Percentage (%)
Acute destructive appendicitis 31.8
Perforated gastroduodenal ulcers 28.2
Acute destructive cholecystitis 14.1
Strangulated intestinal obstruction 10.6
Injury of hollow abdominal organs 5.9
Acute gynecological diseases 4.7
Acute pancreatitis (pancreonecrosis) 4.7
Table 3. Types of surgical interventions performed
Type of surgery Absolute number %
Appendectomy 27 31.8
Suturing of perforated gastrointestinal ulcers 24 28.2
Cholecystectomy 12 14.1
Intestinal resection 9 10.6
Suturing of gastric and intestinal wounds 5.9
Excision of ovarian cyst, hysterectomy 4.7
Opening of pancreatic capsule, drainage of omental bursa 4.7
Total 85 100
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Table 4. Hemodynamic parameters in hyperdynamic vs. hypodynamic circulation

Parameter Normal Range | Hyperdynamic (n=57) Hypodynamic (n=28) | p-value
Stroke Volume (SV, ml) 62 +2 73.1+24 70.3 £2.73 >0.01
Stroke Volume Index (SVI, ml/m= 42 +1.4 45,6 £1.5 25.1+0.82 <0.001
Cardiac Index (CI, L/min/m3% 3.1+0.10 4.56 +0.15 2.13+0.07 <0.001
Heart Rate (HR, bpm) 60 +2 81.7 2.8 107.1 3.6 <0.001
Minute Cardiac Output (CO, L/min) 3.85+0.13 5.97 +£0.20 431 +0.14 <0.001
Total Peripheral Resistance (TPR) 1.0 £0.03 1.40 +0.05 1.36 +0.05 >0.05

Table 5. Parameters by type of peritoneal exudate

Parameter Serous (n=10) Serofibrous (n=11) Fibrous (n=15) Purulent-fibrous (n=21)
SV (ml) 72.3+4.3 75.5 +2.6 359+12 484 +1.6
SVI (ml/m= 37.6+13 441+15 23.7 £0.81 39.7 1.3
Cl (L/min/m= 3.8 +0.13 45 +0.13 2.9 +0.10 5.2+0.18
MMM (mg/ml) 348 +11.3 226.6 +7.5 4705 +16.0 223+7.1
TO: (ml/min/m?) 632.6 £20.7 699.9 £23.6 502 +16.5 538.8 £17.8

2.4. Statistical Analysis

Data were processed using variation statistics on
Microsoft Excel. Results are presented as mean =+ standard
error (M =m). Differences between means were assessed
using Student's t-test, with p < 0.05 considered statistically
significant.

3. Results

3.1. Postoperative Hemodynamic Patterns

On the first postoperative day, despite source control,
patients remained critically ill with significant endotoxemia
(mean MMM 470.5#16.0 mg/mL in severe cases),
hypovolemia (CBV 59.2+#1.8 mL/kg), and dysproteinemia
(protein 56.2+1.2 g/L). Two distinct hemodynamic patterns
were observed:

Hyperdynamic circulation (n=57): Characterized by
elevated Cl and CO, associated with reactive/toxic phase
peritonitis.

Hypodynamic circulation (n=28): Characterized by
significantly reduced SVI and CI (p<0.001), higher MMM
levels, and reduced TO.. This pattern was associated with
terminal phase, fecal peritonitis, and higher mortality risk
(Table 4).

A strong inverse correlation was found between MMM
concentration and SVI, CI, and TO.. The most severe
disturbances were seen in pancreonecrosis and destructive
bowel pathology (Table 5).

3.2. Impact of Plasmapheresis and Plasma Replacement

Plasma replacement using only crystalloids, while
reducing MMM, led to worsened hypovolemia, decreased
cardiac performance, and increased SVR. In contrast,
replacement with hydroxyethyl starch (HES) or albumin
significantly improved SV, CI, and CBV (p<0.05). Albumin

also preserved plasma protein levels and improved the
albumin/globulin ratio. Mixed replacement solutions
(crystalloids + HES + albumin) showed similar benefits.
The optimal replacement volume was 1:1.5 (replacement:
exsanguinated plasma) for hyperdynamic circulation and 1:1
for hypodynamic circulation.

4. Discussion

This study confirms that severe endogenous intoxication is
a primary driver of postoperative hemodynamic compromise
and reduced oxygen transport in patients with diffuse
peritonitis. The identification of two distinct hemodynamic
patterns—hyperdynamic and hypodynamic—aligns with
the known pathophysiology of sepsis, where an initial
hyperdynamic state can decompensate into a hypodynamic
state associated with poor outcomes [7].

Our data demonstrate a clear, inverse correlation between
serum MMM concentration and key cardiovascular parameters
(SVL, CI) and oxygen delivery (TO:). This supports the central
role of medium-mass molecules as markers of endotoxemia
and direct contributors to myocardial depression and
vasoplegia in this setting [4,8]. The high MMM levels
observed in patients with fecal, fibrous, and pancreatogenic
peritonitis correlate with the most severe clinical courses.

The most critical finding of this study relates to the
management of therapeutic plasmapheresis. While TP is
effective at removing MMM, our results show that the choice
of plasma replacement fluid is not neutral. Crystalloid-
only replacement, though commonly used, exacerbated
hypovolemia and impaired cardiac function, likely due to
rapid redistribution out of the intravascular space [9]. In
contrast, colloid-based replacement using HES or albumin
provided superior intravascular volume expansion, improved
stroke volume and cardiac output, and was associated with
better oxygen transport parameters. This is consistent with
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the physiological principle that adequate preload is essential
for maintaining stroke volume, particularly in a vasodilated,
hypovolemic septic patient [10]. The finding that mixed
solutions are also effective offers practical flexibility.

Based on these results, we propose a physiology-guided
approach to TP: the replacement ratio should be tailored to
the patient's hemodynamic state (1:1.5 for hyperdynamic,
1:1 for hypodynamic). This personalized strategy aims to
avoid fluid overload in patients who may not need it while
ensuring adequate volume support in those with cardiac
depression.

Limitations: This is a single-center study with a moderate
sample size. Long-term outcomes and survival data were not
the primary focus. Further randomized controlled trials are
needed to compare specific replacement fluids directly.

5. Conclusions

High levels of endogenous intoxication in diffuse purulent
peritonitis necessitate the inclusion of modern detoxification
methods like therapeutic plasmapheresis in comprehensive
treatment.

Plasma replacement using only crystalloid solutions
is not recommended due to the associated worsening of
hypoproteinemia, hypovolemia, and cardiac performance.

The optimal plasma replacement media during plasmapheresis
are hydroxyethyl starch (HES), albumin, or combined
solutions. The replacement volume should be guided by the
patient's hemodynamic pattern (1:1.5 for hyperdynamic, 1:1
for hypodynamic circulation) and administered under central
Venous pressure monitoring.
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