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ABSTRACT
The study analyzed the treatment outcomes of 112 patients diagnosed with toxic forms of goiter.
Among them, 24 patients (21.4%) exhibited treatment inefficacy, intolerance to antithyroid drugs, or
complications arising from prolonged thyrostatic therapy. For these patients, a discrete
plasmapheresis method was implemented, incorporating indirect electrochemical plasma
oxygenation using sodium hypochlorite, followed by additional ozonation and the reinfusion of
detoxified autologous plasma. This approach significantly shortened the preoperative preparation
period, reducing it from 12 months in the comparison group to just 2 months in the main treatment
group.
Keywords: thyrotoxicosis, antithyroid therapy, plasmapheresis.

3AMHUEB Asnumep ®apuayHosuy
PhD
CamapKkaHJICKHii TOCy1apCTBEHHBIH MeIMIIMHCKUH YHHBEPCHTET

HOBBIN CIIOCOB IJIABMA®EPE3A Y BOJbHBIX C TAPEOTOKCHUKO30M
JIJISI TPEJONEPAIITMOHHOM MMOATOTOBKH

AHHOTALUSA
B ocHOBY unccrieoBaHUs BKIIOUEHBI Pe3yibTaThl JiedeHus: 112 G0JbHBIX TOKCHYECKUMHU (hopMamu
300a. 13 112 nanmentoB y 24 (21,4%) BbisiBiIeHBI 100 HEIPPEKTUBHOCTH, TMO0 HEMEPEHOCUMOCTD,
100 OCJIOKHEHUS, BO3HHUKIIME y HHMX B pe3yJIbTaTe UIUTENBHOTO aHTHUTUPEOUJHOTO JICUEHUS
TUPEOCTaTUKAMU. Y 3TUX OOJBbHBIX MPUMEHSIIN TUCKPETHBIH METOA Iu1a3Madepesa B COUETAHUU C
HENPSMOM AIEKTPOXUMUYECKON OKCUTE€HAIMH TUIa3Mbl THIIOXJIOPUTOM HATpPUs C AOHOIHUTEIbHBIM
O30HUPOBAHHEM M TMOCIEAYIOIeH peuH(y3uell NeTOKCUIIMPOBAHHOM ayToriasmbl. B urore Oblio
JOCTUTHYTO COKpAIllEHHE IMEepHoja MOATOTOBKM OONBHBIX K omepanuu ¢ 12 MecsueB B rpymmne
CpaBHEHHUS J10 2 Mecsilla B OCHOBHOM TpyTiIe.
KiroueBble cjioBa: THPEOTOKCUKO3, aHTUTUPEOUTHAS Tepamnus, miasmadepes.
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TIREOTOKSIKOZ BILAN BEMORLARDA OPERATSIYADAN OLDINGI
TAYYORLASHDA PLAZMAFEREZNING YANGI USULI

ANNOTATSIYA
Tadqiqotga 112 nafar toksik bo‘qoq bilan bemorlarning davolash natijalari asos qilib olingan. 112
nafar bemordan 24 (21,4%) nafarida tireostatiklar yordamida o‘tkazilgan antitireoid davoga nisbattan
samarasizlik, yoki uning uzoq muddatdavomida qo‘llanilishi hisobiga asoratlar, yoki dorilarning
ko‘tara olmaslik holati kuzatildi. Ushbu bemorlarga plazmaferezning diskret usuli, olingan
plazmaning gipoxlorit natriy bilan elektrokimyoviy oksigenatsiyasi va qo‘shimcha ozonlashtirish,
hamda zarasizlantirilgan autoplazmaning reinfuziyasi qo‘llanildi. Natijada operatsiyaga tayyorlash
bosgqichi taqqoslash guruhidagi 12 oyga nisbatan 2 oygacha qisqarishiga erishildi.
Tayanch so‘zlar: tireotoksikoz, antitireoid davo, plazmaferez.

Relevance. The management of toxic goiter continues to pose a considerable challenge in
endocrine surgery. Thyroidectomy, the most commonly utilized surgical intervention, is performed
in 90.6% of cases, employing various techniques for thyroid nodule excision [1,5,8]. However, the
high incidence of postoperative complications, including recurrent thyrotoxicosis (15-44%) and
postoperative hypothyroidism (25-63%), underscores the limitations and suboptimal reliability of
conventional surgical approaches [2,3,7]. These challenges necessitate the refinement of current
treatment protocols and the development of more advanced preventive and therapeutic
strategies to enhance patient outcomes [4,6].

Study Objective: To assess the efficacy of discrete plasmapheresis in the preoperative
preparation of patients with severe thyrotoxicosis.

Research Materials and Methods: This study is based on the clinical outcomes of 112
patients diagnosed with toxic goiter who were admitted to the surgical department of the
multidisciplinary clinic at Samarkand State Medical University between 2012 and 2024.

Among the 112 patients included in the study, 102 individuals (91.1%) were diagnosed with
toxic goiter for the first time, while 10 patients (8.9%) had recurrent toxic goiter. Of these, 8 cases
were classified as primary relapse. Out of the 10 patients with recurrent toxic goiter: 6 patients had
previously undergone their initial thyroid surgery at our clinic at various time points. 4 patients had
a history of thyroidectomy performed at other medical institutions. The recurrence of goiter following
surgery was observed within 5 years in 7 patients and within 10 years in 3 patients. Notably, in 3
cases, the initial diagnosis was primary nodular nontoxic goiter, which transformed into a toxic form
within a 3-year period. The remaining 7 patients had previously undergone surgical treatment for
diffuse toxic goiter. The degree of thyroid gland enlargement was classified according to O.V.
Nikolaev's classification, based on ultrasound examination and palpation findings. 43 patients
(38.4%) presented with Grade II-III toxic goiter. 69 patients (61.6%) had Grade IV-V goiter. The
severity of thyrotoxicosis was evaluated in accordance with V.G. Baranov’s classification: Mild form
— 35 patients (31.2%), Moderate form — 52 patients (46.4%), Severe form — 25 patients (22.3%).
Pathomorphological classification of goiter based on histopathological analysis, the distribution of
goiter types was as follows: 50 patients (44.6%) — Diffuse toxic goiter, 39 patients (34.8%) — Mixed
toxic goiter, 13 patients (11.6%) — Toxic adenoma, 10 patients (8.9%) — Recurrent toxic goiter. Prior
to surgery, all patients underwent prolonged clinical observation and received conservative
antithyroid therapy. The duration of conservative management varied: 7 patients (6.2%) received
treatment for up to 1 year. 29 patients (25.9%) underwent 1 to 3 years of conservative therapy. 76
patients (67.8%) were treated for more than 3 years before surgical intervention. These findings
underscore the chronic nature of toxic goiter progression and the limitations of long-term conservative
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therapy, necessitating a well-structured preoperative management strategy to optimize surgical
outcomes.

Results: Among the 112 patients, 24 (21.4%) exhibited treatment inefficacy, intolerance to
antithyroid medications, or complications resulting from prolonged use of thyrostatics. An analysis
of pre-hospital pharmacological treatment outcomes revealed that conservative therapy was
ineffective in eight cases, five patients experienced drug intolerance, and three developed
complications such as leukopenia and gastrointestinal disorders.

A thorough review of patient history demonstrated that pre-hospital conservative therapy
primarily involved antithyroid agents such as methimazole, thiamazole, prednisone, and
dexamethasone. The frequency of complications was analyzed based on the duration of drug
administration and dosage aimed at achieving stable remission.

The findings suggest that most complications occurred in patients subjected to prolonged
antithyroid therapy despite the absence of substantial clinical improvement. In the comparison group,
10 patients underwent surgery despite the inefficacy of pharmacological preparation. Due to
inadequate preoperative management, intraoperative excessive bleeding was reported in 3 patients
(5.8% of the comparison group), while 4 patients (7.7%) developed moderate to severe thyrotoxic
crisis in the early postoperative period.

These observations prompted the exploration of improved preoperative management
strategies for patients with toxic goiter. Unlike the control group, patients with severe thyrotoxicosis
or contraindications to antithyroid therapy were treated using a discrete plasmapheresis method
combined with indirect electrochemical oxygenation (IECO) of plasma with sodium hypochlorite,
additional ozonation, and reinfusion of detoxified autologous plasma.

Sodium hypochlorite, as a potent oxidizing agent, initiates hydroxylation reactions of organic
substances that accumulate in severe thyrotoxicosis. When applied to plasma, sodium hypochlorite
releases "active" oxygen, which oxidizes triiodothyronine and thyroxine. However, oxidation by-
products, such as hydroperoxides, decompose into free radicals that can have detrimental effects on
blood components and overall physiological function.

To mitigate these effects, additional ozonation of exfused plasma following sodium
hypochlorite treatment was employed. This method enhances the detoxifying effect, reduces the
toxicity of plasma and erythrocytes, and prevents adverse effects associated with sodium
hypochlorite. The interaction between ozone and organic substrates activates oxygen-dependent
metabolic processes and modifies the physicochemical properties of biological membranes. This
process contributes to increased pO: levels, stimulation of redox reactions, and intracellular metabolic
shifts, leading to enhanced synthesis and transformation of biologically active substances (e.g.,
catecholamines, serotonin, histamine). Additionally, it strengthens the activity of immune-competent
peripheral blood cells and promotes endogenous detoxification mechanisms by facilitating the
elimination of under-oxidized metabolic products.

The detoxification approach utilized in this study involved therapeutic plasmapheresis with
an extracted plasma volume of 600-800 mL. Exfused plasma was collected under aseptic conditions
in sterile blood storage containers of pre-determined volumes.

In accordance with strict aseptic protocols, 0.12% (1200 mg/L) sodium hypochlorite solution
(produced via electrochemical oxidation of isotonic sodium chloride solution using the EDO-4
system) was added to the plasma at a 10:1 ratio (e.g., 40 mL of NaCIO per 400 mL of plasma). The
solution was gently mixed for 2-3 minutes, and an ozone-oxygen gas mixture was bubbled through
the plasma using the “Asia-R” clinical ozonator for 10 minutes. The plasma was then stored in a
refrigerator at 6-8°C.

Laboratory analysis demonstrated that oxidation of toxic plasma components, including
thyroid hormones, was generally completed within 3-4 hours of incubation. After 4 hours, the
precipitate (50-70 mL) was removed using a plasma extractor or an aspiration method.

A 10-mL plasma sample was taken for biochemical analysis to confirm adequate
detoxification. When the albumin concentration increased by more than 1.9 times, the detoxified
autologous plasma was deemed suitable for reinfusion as a plasma-substituting medium during
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subsequent programmed plasmapheresis sessions. The criteria for determining plasma detoxification
suitability were based on the methodology of N.M. Fedorovsky (2004).

Upon clinical improvement and normalization of peripheral blood parameters, patients
underwent surgical intervention.

Clinical Case Example 1. Patient X, female, 50 years old (Medical Record No. 6395/584),
was diagnosed with: Diffuse toxic goiter (Grade IV). Severe thyrotoxicosis. Thyrotoxic
ophthalmopathy (Grade IV). Leukopenia. Hypochromic anemia. Lymphadenopathy. Myocardial
dystrophy (Stage I1a). Hypertension (Stage IIA).

Figure 1. Patient X, femaié, 50 years old (Medical Record No. 6395/584), diagnosed with: Grade
IV diffuse toxic goiter, severe thyrotoxicosis, grade I'V thyrotoxic ophthalmopathy.

The patient presented with symptoms of generalized weakness, palpitations, excessive
sweating, hand tremors, and significant weight loss. Her medical history indicated a disease onset in
2008, when she began experiencing palpitations, shortness of breath, and exophthalmos. She was
initially diagnosed by an endocrinologist in December 2008 and prescribed methimazole at 30 mg/day
for 1.5 years, but remission was not achieved. In 2011, laboratory findings revealed leukopenia (WBC
count: 2.1 x 10°/L) and hypochromic anemia (RBC count: 2.1 x 10'?/L, hemoglobin: 84 g/L).
Additionally, the patient developed urticaria, leading to the discontinuation of methimazole and
initiation of prednisone at 60 mg/day for two-week courses. Although the treatment provided
temporary relief, urticaria reappeared, necessitating discontinuation of corticosteroids. By 2012,
thyrotoxicosis had worsened, with a documented weight loss of 15 kg over eight months, increased
tremors, tachycardia, and worsening exophthalmos. Concurrently, the patient developed a gastric
ulcer. Surgical intervention was only considered in 2013, leading to hospitalization. Upon admission,
the patient was in critical condition, with below-normal body weight, pale and moist skin, and a heart
rate of 130 bpm. Blood pressure was elevated at 180/100 mmHg. Electrocardiography (ECG) showed
ventricular extrasystoles with no significant ST-segment changes. Laboratory hormone levels: T4:
250 nmol/L (normal range: 60-160 nmol/L). T3: 5.6 nmol/L (normal range: 1.2-2.8 nmol/L). TSH:
0.1 mIU/L (normal range: 0.17-4.05 mIU/L). The patient underwent five plasmapheresis sessions,
which successfully reduced thyroid hormone levels: T4: 154 nmol/L, T3: 2.5 nmol/L, TSH: 0.12
mlIU/L. On April 17, 2013, the patient underwent subtotal subfascial thyroidectomy without
intraoperative or postoperative complications. She was discharged on postoperative day seven, and a
two-year follow-up revealed no recurrence of the disease.

This case clearly illustrates that long-term conservative treatment was ineffective, regardless
of whether thyrostatics or hormonal agents were used. Moreover, the patient developed intolerance
to these medications, followed by hematological and gastrointestinal complications.
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According to numerous clinical guidelines, 5 to 7 sessions of plasmapheresis are generally
sufficient for preoperative preparation in patients with toxic forms of goiter. This recommended range
of sessions was also used as a reference in our treatment approach.

The effectiveness of plasmapheresis was assessed by monitoring the dynamics of thyroid
hormone levels (T4, T3, and TSH). Figures 2—4 illustrate the concentration changes of these
hormones in 14 patients before and after undergoing discrete plasmapheresis.
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Figure 2. T4 levels in patients with toxic goiter before and after plasmapheresis.
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Figure 3. T3 levels in patients with toxic goiter before and after plasmapheresis.

The analysis revealed that, prior to treatment, T4 and T3 levels in all patients with toxic goiter
were elevated 3.5 to 4 times above the normal range. At the same time, TSH levels were either below
normal or at its lower limit. No direct correlation was observed between TSH concentration and the
severity of thyrotoxicosis. Following treatment, T4 and T3 levels approached normal values or their
upper limits, while TSH levels remained unchanged or showed a slight increase.

The efficacy of preoperative management was assessed by comparing blood pressure (BP)
and heart rate (HR) before, during, and after surgery in two groups: 14 patients who underwent
plasmapheresis, 10 patients who received only pharmacological preparation.

An increase in BP and HR beyond each patient’s individual baseline was interpreted as an
episode of hypertension and tachycardia, attributed to thyrotoxicosis progression.
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Figure 4. TSH levels in patients with toxic goiter before and after plasmapheresis.

Upon admission, all patients with ineffective conservative therapy exhibited hypertension and
tachycardia: In the comparison group, hypertension was observed in 3 patients, while severe
tachycardia was noted in 4 patients. Following plasmapheresis combined with indirect
electrochemical plasma oxygenation (IECO) using sodium hypochlorite, additional ozonation, and
reinfusion of detoxified plasma, hypertension and tachycardia persisted in only 2 patients in the
plasmapheresis group, with heart rate stabilizing at 90 bpm.

These findings confirm that plasmapheresis significantly improves hemodynamic stability in
patients with severe thyrotoxicosis, enhancing their preoperative condition and reducing surgical
risks.

The effectiveness of preoperative preparation using plasmapheresis (PF) versus
pharmacological therapy was evaluated based on absolute intraoperative data, as presented in Table
1. Using these findings, we calculated the key indicators of preoperative preparation effectiveness in
patients undergoing plasmapheresis, compared to those who received only medication-based
preparation. The data in the table demonstrate a significantly lower incidence of adverse outcomes
during thyroidectomy in patients who underwent plasmapheresis-assisted preparation, compared to
those who received standard pharmacological preoperative management.

Table 1.
Effectiveness of Preoperative Preparation (Pre-Surgery Assessment).
Outcome (Tachycardia & Hypertension)
Comparison Groups
No Effect Effective Total

Main Group (Plasmapheresis) 2 12 14
Control Group (Thyrostatics) 6 4 10
Total 8 16 24

Furthermore, in the postoperative period, the proportions of patients and outcome indicators
remained consistent, confirming the sustained benefits of plasmapheresis in preoperative stabilization
and surgical success rates.

Clinical Case Example 2. Patient L., male, 50 years old (Medical Record No. 6397/585), was
hospitalized from June 8, 2017, to June 28, 2017, with the following diagnosis: Grade I1I diffuse toxic
goiter, Severe thyrotoxicosis, Grade II exophthalmos, Thyrotoxic heart disease, Paroxysmal
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tachycardia, Ischemic heart disease (IHD), Effort angina (Functional Class I), Atherosclerotic
cardiosclerosis, Gastric ulcer (Figure 5).

; i
Figure 5. Patient L., male, 50 years old, diagnosed with: Grade III diffuse toxic goiter, Severe
thyrotoxicosis, Grade II exophthalmos, Thyrotoxic heart disease, Paroxysmal tachycardia
Upon admission, the patient reported the following symptoms: Enlargement of the neck,

Weight loss of 15 kg over one year, Foreign body sensation in the eyes, Frequent bowel movements
(4-5 times per day). The patient’s medical history revealed that symptoms began in 1995 with chest
pain and palpitations. He was under the supervision of an endocrinologist and received multiple
courses of treatment, including: Methimazole (Mercazolil) 40 mg/day, Prednisolone up to 30 mg/day,
Iodine preparations, Nitrates, Verapamil, Aspirin, Piracetam, Sedatives. During the first three years
of treatment, the patient experienced temporary improvement, but thyrotoxicosis relapsed. Over time,
the dosage of methimazole and prednisolone had to be increased. From 1998, the patient developed
upper abdominal pain after meals. Esophagogastroduodenoscopy (EGD) revealed a gastric ulcer.
Thyroid gland: Enlarged, elastic, firm, painless on palpation. Positive signs: Mdbius, Murphy, Graefe.
Ultrasound findings: Isthmus thickness: 9.1 mm, Right lobe volume: 2.2 cm?. Left lobe volume: 28.7
cm?. Heterogeneous echostructure, no additional formations. The patient was scheduled for surgery
due to progression of the disease. Preparation protocol: Four sessions of plasmapheresis (PF)
combined with indirect electrochemical plasma oxygenation (IECO) using sodium hypochlorite,
additional ozonation, and reinfusion of detoxified autologous plasma. Thyroid hormone levels before
plasmapheresis: T4: 290 nmol/L (normal range: 60—160 nmol/L), T3: 5.1 nmol/L (normal range: 1.2—
2.8 nmol/L), TSH: 0.17 mIU/L (normal range: 0.17—4.05 mIU/L), Thyroid hormone levels after six
plasmapheresis sessions: T4: 170 nmol/L, T3: 2.4 nmol/L, TSH: 0.19 mIU/L. On June 20, 2017, the
patient underwent subtotal subfascial thyroidectomy. The postoperative period was uneventful, and
the patient was discharged in stable condition on June 28, 2017.

The presented case of Patient V. demonstrates that, despite the severity of thyrotoxicosis and
its complications (including thyrotoxic heart disease), preoperative therapy incorporating
plasmapheresis sessions enabled successful patient stabilization and surgical intervention without
adverse consequences.

For patients who underwent preoperative preparation without plasmapheresis, surgery was
performed following standard protocols. However, in cases of severe thyrotoxicosis, where medical
euthyroidism was not achieved within three months or patients exhibited intolerance to antithyroid
drugs, the following regimen was implemented: B-blockers and 1% Lugol's solution for two weeks
prior to surgery. Six sessions of plasmapheresis (PF) combined with indirect electrochemical plasma
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oxygenation (IECO) using sodium hypochlorite, additional ozonation, and reinfusion of detoxified
autologous plasma. This integrated approach facilitated optimal preoperative stabilization, allowing
safe and effective surgical treatment for patients with severe, drug-resistant thyrotoxicosis.

The developed plasmapheresis protocol for patients with toxic forms of goiter enabled the
selection of an optimal preoperative preparation strategy. As a result, the preparation period for
surgery was significantly reduced from 12 months in the comparison group to just 2 months in the
main group (Figure 6).

60% 56%

0% /\ 48%
40% / \ /.
0% / \ 26% /

N—a"
20% 24% A \
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10% 4%
7, \ 3%

O% T T T 1
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Figure 6. Duration of Preoperative Preparation in the Studied Groups.

Additionally, this approach effectively eliminated the adverse effects associated with
antithyroid drugs, such as: Leukopenia, Agranulocytosis, Gastrointestinal complications.

These findings highlight the clinical advantages of plasmapheresis in optimizing preoperative
management and minimizing the risks of pharmacological therapy in patients with severe
thyrotoxicosis.

Conclusions.

The combination of plasmapheresis with indirect electrochemical plasma oxygenation (IECO)
using sodium hypochlorite, additional ozonation, and reinfusion of detoxified autologous plasma in
patients with severe thyrotoxicosis and drug intolerance has been shown to: Significantly reduce
thyroid hormone levels, achieving more stable endocrine balance, Normalize cardiovascular function,
improving hemodynamic stability, Effectively prevent thyrotoxic crisis in the early postoperative
period. This integrated approach enhances preoperative management, minimizes surgical risks, and
contributes to better postoperative recovery in patients with severe, treatment-resistant thyrotoxicosis.
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