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Abstract
In developed countries, the average life expectancy has been increasing and is 
now well over 80 years. Increased life expectancy is associated with an increased 
number of emergency surgical procedures performed in later age groups. Acute 
appendicitis is one of the most common surgical diseases, with a lifetime risk of 
8%. A growing incidence of acute appendicitis has been registered in the elderly 
population and in the oldest groups (> 80 years). Among patients > 50-year-old 
who present to the emergency department for acute abdominal pain, 15% have 
acute appendicitis. In these patients, emergency surgery for acute appendicitis is 
challenging, and some important aspects must be considered. In the elderly, 
surgical treatment outcomes are influenced by sarcopenia. Sarcopenia must be 
considered a precursor of frailty, a risk factor for physical function decline. Sarco-
penia has a negative impact on both elective and emergency surgery regarding 
mortality and morbidity. Aside from morbidity and mortality, the most crucial 
outcomes for older patients requiring emergency surgery are reduction in fun-
ction decline and preoperative physical function maintenance. Therefore, pre-
diction of function decline is critical. In emergency surgery, preoperative inter-
ventions are difficult to implement because of the narrow time window before 
surgery. In this editorial, we highlight the unique aspects of acute appendicitis in 
elderly patients and the influence of sarcopenia and frailty on the results of 
surgical treatment.
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Core Tip: The global proportion of older subjects is steadily increasing. This is associated with an increased number of 
emergency surgical procedures performed in this age group. Acute appendicitis is one of the most common surgical diseases, 
with a lifetime risk of 8%. A growing incidence of acute appendicitis has been registered in the elderly population and in the 
oldest age group (> 80 years). In this editorial, we highlight the characteristics of acute appendicitis in elderly patient and the 
influence of sarcopenia and frailty on the results of surgical treatment.

Citation: Fransvea P, Chiarello MM, Fico V, Cariati M, Brisinda G. Influence of sarcopenia and frailty in the management of elderly 
patients with acute appendicitis. World J Clin Cases 2024; 12(33): 6580-6586
URL: https://www.wjgnet.com/2307-8960/full/v12/i33/6580.htm
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INTRODUCTION
The global proportion of older subjects is steadily increasing[1]. By convention, a chronological age equal to or greater 
than 65 years is considered elderly. A cut-off of 75 years or older has recently been suggested based on improvements in 
physical function over the past 20 years[2]. In fact, in many countries, especially in developed ones, the average life 
expectancy has increased and far exceeds 80 years[1]. This is associated with an increased number of emergency surgical 
procedures performed in this age group[3-5].

Acute appendicitis is one of the most common surgical diseases, with a lifetime risk of 8%[6-8]. A growing incidence of 
acute appendicitis has been registered in the elderly population and in the oldest age group (> 80 years)[8-10]. Among 
patients > 50-year-old who present to the emergency department for acute abdominal pain, 15% have acute appendicitis
[11].

In this editorial, we highlight the unique aspects of acute appendicitis in elderly patients and the influence of 
sarcopenia and frailty on the results of surgical treatment.

CHARACTERISTICS OF ACUTE APPENDICITIS
Emergency surgery for acute appendicitis in the elderly is challenging[4]. Some important aspects must be considered. 
The first aspect is the difficulty of diagnosis because elderly patients may not present the characteristic clinical signs of 
acute appendicitis[12]. There is still controversy on whether the presentation of acute appendicitis in the elderly patients 
significantly differs from those in the younger age groups[13]. Signs of peritonitis may become evident with reduced 
peristalsis and severe tenderness[14,15]. Furthermore, as age increases, the ability to perceive pain decreases, and due to 
reduced thermoregulatory response and abnormalities in the response to endogenous pyrogens, approximately 30% of 
patients aged 65 years or older with acute infection show a lower febrile response[15].

Second, the incidence of complicated acute appendicitis is higher in elderly patients[11,16]. The prevalence of 
complicated appendicitis increases with age. If the prevalence is approximately 20% in patients under 40 years of age, this 
increases up to 37% in patients between 40 years and 64 years of age to reach higher than 55% in patients over seventy 
and higher than 70% in patients over 80[11,17]. However, acute appendicitis is not a progressive disease[12]. Complicated 
and uncomplicated forms of appendicitis are two distinct entities with different pathophysiology[14]. Gangrene with 
transmural necrosis, perforation, the presence of appendicoliths, abdominal abscess and/or diffuse peritonitis charac-
terize complicated acute appendicitis, while suppurative or phlegmonous changes prevail in uncomplicated forms.

Third, the use of abdominal computed tomography (CT)-scan to make the diagnosis is frequent in elderly[18]. This is 
the most accurate method for distinguishing uncomplicated from complicated appendicitis[19,20]. The increased use of 
CT in elderly patients leads to a decrease in negative appendectomy rates by 10%. The frequency of negative appende-
ctomy is up to 16% in younger patients[21]. The complication rate in elderly patients with negative appendectomy was 
higher than in younger patients (25% vs 3%, P < 0.05)[22]. Considering that the complication rate in elderly patients with 
negative appendectomy is higher than in younger patients, the preoperative diagnosis in these patients should be as 
accurate as possible.

A fourth aspect to consider is the time elapsed from hospitalization until surgery. Typically, up to approximately 72% 
of elderly patients are operated on more than 12 h after admission compared to approximately 35% of younger patients[9,
23]. Furthermore, 37% of elderly patients are operated on more than 24 h after admission, although this interval does not 
appear to cause any increase in postoperative complications[24]. However, it is important to remember that acute 
appendicitis is a time-dependent disease[25]. Source control within 6 h of abdominal sepsis onset was associated with a 
reduced risk-adjusted odds of 90-day mortality. In elderly patients with acute appendicitis, once operation is indicated, 
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we suggest performing appendectomy as soon as possible. Prioritizing the rapid identification of septic foci and initiation 
of source control interventions can reduce the number of avoidable deaths among patients with sepsis.

In the elderly patient, the best treatment for acute appendicitis is surgery[17,26,27]. Recent meta-analyses have shown 
that appendectomy seems even more effective than non-operative treatments. The finding of a 20% recurrence rate in 
patients > 80 years of age undergoing non-surgical treatment suggests that antibiotics may be a treatment option only in 
selected patients with uncomplicated appendicitis[28]. Anyway, a frail patient cannot tolerate repeated septic episodes.

Laparoscopic appendectomy is the standard of care in acute appendicitis. Several clinical studies have demonstrated 
the advantages of laparoscopic appendectomy over open surgery. In meta-analysis on the elderly population, mortality, 
postoperative complications, and length of hospital stay were significantly lower when using the laparoscopic approach 
vs an open surgery[29,30]. Despite the advantages of the minimally invasive technique, there is an increased risk of 
conversion from laparoscopy to open appendectomy in elderly patients[31]. The rate of laparoscopies performed on older 
adults varies significantly, ranging from 19.3% to 67%[29,32]. The most common cause of conversion is peri-appendiceal 
infiltration/an inflammatory mass, which makes sectioning of the appendix difficult and requires less or more extensive 
ileocolic resection.

Furthermore, older patients have an increased risk of appendiceal neoplasm. A recent study on 989 patients under-
going emergency appendectomy showed an overall incidence of appendiceal neoplasm of 9.3% (92 patients). The rate of 
appendiceal neoplasm increased with age (3.8% in younger patients and 13.0% in patients between 40 years and 89 years). 
In the study, appendectomy was performed in all cases. The conversion rate was significantly higher in patients with 
appendiceal neoplasm (21.6% vs 6.7% in acute appendicitis, P < 0.001)[33].

Predicting outcomes in emergency surgery is challenging due to the heterogeneous mix of patients, pathologies, 
indications and urgency of surgery. Increasingly, emergency laparotomies are performed on older patients with complex 
medical conditions who subsequently encounter increased postoperative morbidity and mortality[34]. In appendectomy, 
mortality varies from 0.74% to 8% in the elderly and increases with age, while it is 0.04%-1% in the general population[21,
26]. Advanced age adversely affects clinical diagnosis, the stage of the disease and outcomes. Late presentation, delayed 
diagnosis, presence of perforation and co-morbidities are associated with poor outcome from surgery in elderly patients.

Postoperative complications can affect up to 46.2% of elderly patients compared to 9.3% of younger patients[31]. 
Surgical site infection occurs in 9.0%-15.4% of elderly patients, compared to 2.6%-3.7% of younger patients[35]. In elderly, 
independent factors for postoperative complications include anemia, a history of heart disease, chronic renal failure, and 
open appendectomy surgery[16]. A recent meta-analysis showed that elderly patients have an increased risk of 
complicated appendicitis (RR, 2.38; 95%CI: 2.13, 2.66), peritonitis (RR, 1.88; 95%CI: 1.36, 2.59), and conversion from 
laparoscopic to open appendectomy (RR, 3.02; 95%CI: 2.31, 3.95). In addition, the risk of overall postoperative complic-
ations (RR, 2.59; 95%CI: 2.19, 3.06), intra-abdominal abscess (RR, 1.84; 95%CI: 1.15, 2.96) and wound infection (RR, 3.80; 
95%CI: 2.57, 5.61) was higher among the elderly[31].

SARCOPENIA AND FRAILTY
In the elderly, postoperative complications are also influenced by sarcopenia[10,36]. Sarcopenia must be considered a 
precursor of frailty, a risk factor for physical function decline[37]. Sarcopenia has shown a negative impact on both 
elective and emergency surgery regarding mortality and morbidity[38-41]. Aside from morbidity and mortality, the most 
crucial outcomes for older patients requiring emergency surgery are reduction in function decline and preoperative 
physical function maintenance[42]. Therefore, predicting the decline in functionality is crucial. It should be noted, 
however, that preoperative interventions are difficult to implement in emergency/urgent conditions due to the narrow 
time window before surgery[41].

A recent observational study of 610 patients undergoing emergency laparotomy showed that sarcopenia and myoste-
atosis were both associated with increased risk of morbidity, 30-day and 1-year mortality[40].

Sarcopenia is a morbid condition that directly involves the skeletal muscles with repercussions at a multisystem level
[43]. Although with wide individual variability, approximately 1%-2% of muscle mass is lost every year after the fifth 
decade of life for a total reduction of 30%-50% by the age of 80. It is a preventable but chronic and reversible process.

Sarcopenia has been used as a prognostic tool to identify patients at risk for complications and adverse events in the 
postoperative period[24,44]. In this scenario, it has been documented that geriatric patients with lower body mass index, 
reduced muscle area, and marked sarcopenia detected by CT-scan tend to have an increased risk of complicated acute 
appendicitis[45].

Clinically, sarcopenia induces a reduction in muscular strength, both dynamic and static, with an increased risk of 
functional decline, disability and frailty, a reduction in the ability to maintain balance with an increased risk of falls and 
fractures, consequences on bone trophism, thermoregulation, basal energy production, regulation of body composition, 
and glucose homeostasis[46]. Muscle trophism is the consequence of a balance between anabolic and catabolic stimuli. In 
the elderly, a prevalence of the catabolic state is documented, which becomes predominant if comorbidities occur. In 
these cases, the muscle mass also suffers the effects of the general catabolic state in which the organism finds itself.

The European Working Group on Sarcopenia in Older People recommends the simultaneous presence of loss of muscle 
mass associated with reduced muscle strength or performance for the diagnosis of sarcopenia[46,47]. To evaluate these 
criteria, there are several investigations that differ in terms of sensitivity[48,49]. This variability accounts for the different 
prevalence percentages of sarcopenia found across various studies. Several biochemical markers have shown a strong 
association with sarcopenia, including low levels of vitamin D, IGF-1 and high levels of parathyroid hormone, C-reactive 
protein, TNF-α, and IL-6[50]. In addition to these, other indices significantly correlate with reduced muscle mass and 
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performance. However, a specific and sensitive marker of sarcopenia that allows for rapid and early diagnosis has not yet 
been identified.

Frailty is the most problematic expression of aging characterized by a state of vulnerability to any stressful event. It is 
due to the reduced homeostatic reserve of the organism which follows the functional decline of various physiological 
systems. The repercussions on the socio-health level are notable. In fact, it has been demonstrated that frailty is associated 
with an increased risk of negative outcomes, such as disability, hospitalization and death[51,52]. Frailty in the emergency 
surgical patient has been recently characterized in both older and younger populations[53]. Frailty can be difficult to 
identify in emergency settings[54]. Fusario et al[55] showed that the Emergency Surgery Frailty Index score is a useful and 
simple prognostic marker for frailty status in surgical elderly patients. The score may support the surgeon in decision for 
an adequate healthcare plan and preoperative preparation.

An increased risk of postoperative complications in elderly patients undergoing emergency laparotomy is usually 
associated with an increased frailty score[56]. These patients have more frequent admission to the intensive care unit and 
an increased length of stay. Furthermore, the mortality rate in frail patients was higher (17%) compared to less than 1% in 
non-frail patients (P = 0.01)[56]. In a study of 5728 older adults undergoing appendectomy, frail patients were 
documented to have higher mortality (frail 1.0% vs non-frail 0.3%, P = 0.001) and severe complications (14.2% vs 8.0%, P < 
0.0001). In multivariable logistic regression, frailty was associated with increased mortality (OR 3.34; 95%CI: 1.28-8.66), 
severe complications (OR 1.51; 95%CI: 1.17-1.93) and discharge to facility (OR 2.80; 95%CI: 2.00-3.93)[57].

On the other hand, it has been noted that a modified Frailty Index and a Brief Geriatric Assessment do not correlate 
with prolonged hospitalization or higher risk for postoperative complications after appendectomy in elderly patients[52]. 
In this scenario, the evaluation of sarcopenia status can add further information regarding the general condition of the 
patient that could make the therapeutic choice personalized.

Based on the current knowledge, most studies are performed on samples of patients enrolled for elective, scheduled 
surgery, which allows optimizing the patient in the preoperative period[58,59].

In an emergency setting, the situation appears more complex, with patients in whom it has not been possible to carry 
out an in-depth preoperative evaluation, often with the inflammatory/septic process causing greater general fragility[36,
38]. As highlighted in recent studies, sarcopenic patients undergoing surgery are expected to be at higher risk of complic-
ations than patients with normal muscle mass. Therefore, in this setting, sarcopenia evaluation is a potential parameter 
that could support the surgeon during the decision-making process[36,60]: an older and sarcopenic patient cannot 
tolerate a prolonged septic status, so in these cases a surgical approach should be preferred over a conservative treatment 
in all type of acute appendicitis. In this context, the use of artificial intelligence could be useful[61].

CONCLUSION
The diagnosis of acute appendicitis in the elderly remains a clinical challenge. The elderly patient presents a diagnostic 
challenge. The presentation of the disease may be atypical in relation to the physiological changes due to age and a wider 
variety of conditions for differential diagnosis. Comorbidities and their associated polypharmacy affect the appropriate 
choice of imaging modality. In these patients, CT-scan is often performed for diagnosis, even in emergency settings. In 
such conditions, the total psoas muscle index and total psoas muscle area can be easily calculated on CT-scan. The gold 
standard approach is surgical treatment, although not all elderly patients may be suitable for surgery. It is therefore 
essential that the treatment plan be organized for each individual case, also in relation to the skills of the individual 
institution or surgeon.

FOOTNOTES
Author contributions: Fransvea P, Chiarello MM and Brisinda G designed the research; Fransvea P, Fico V and Cariati M performed the 
research; Fransvea P and Fico V analyzed the data. All authors wrote and approved the final manuscript.

Conflict-of-interest statement: Dr. Brisinda has nothing to disclose.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Italy

ORCID number: Pietro Fransvea 0000-0003-4969-3373; Maria Michela Chiarello 0000-0003-3455-0062; Valeria Fico 0000-0003-1619-4164; Maria 
Cariati 0000-0002-3278-2567; Giuseppe Brisinda 0000-0001-8820-9471.

S-Editor: Lin C 
L-Editor: Filipodia 
P-Editor: Chen YX

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-4969-3373
http://orcid.org/0000-0003-4969-3373
http://orcid.org/0000-0003-3455-0062
http://orcid.org/0000-0003-3455-0062
http://orcid.org/0000-0003-1619-4164
http://orcid.org/0000-0003-1619-4164
http://orcid.org/0000-0002-3278-2567
http://orcid.org/0000-0002-3278-2567
http://orcid.org/0000-0001-8820-9471
http://orcid.org/0000-0001-8820-9471


Fransvea P et al. Sarcopenia and frailty in acute appendicitis

WJCC https://www.wjgnet.com 6584 November 26, 2024 Volume 12 Issue 33

REFERENCES
1 Kontis V, Bennett JE, Mathers CD, Li G, Foreman K, Ezzati M. Future life expectancy in 35 industrialised countries: projections with a 

Bayesian model ensemble. Lancet 2017; 389: 1323-1335 [PMID: 28236464 DOI: 10.1016/S0140-6736(16)32381-9]
2 Ouchi Y, Rakugi H, Arai H, Akishita M, Ito H, Toba K, Kai I; Joint Committee of Japan Gerontological Society (JGLS) and Japan Geriatrics 

Society (JGS) on the definition and classification of the elderly. Redefining the elderly as aged 75 years and older: Proposal from the Joint 
Committee of Japan Gerontological Society and the Japan Geriatrics Society. Geriatr Gerontol Int 2017; 17: 1045-1047 [PMID: 28670849 
DOI: 10.1111/ggi.13118]

3 Proctor DW, Goodall R, Borsky K, Salciccioli JD, Marshall DC, Shanmugarajah K, Mohamed A, Shalhoub J. Trends in the mortality, 
incidence and disability-adjusted life-years of appendicitis in EU15+ countries: an observational study of the Global Burden of Disease 
Database, 1990-2019. Int J Surg 2023; 109: 2608-2613 [PMID: 37232122 DOI: 10.1097/JS9.0000000000000499]

4 Desserud KF, Veen T, Søreide K. Emergency general surgery in the geriatric patient. Br J Surg 2016; 103: e52-e61 [PMID: 26620724 DOI: 
10.1002/bjs.10044]

5 Ukkonen M, Jämsen E, Zeitlin R, Pauniaho SL. Emergency department visits in older patients: a population-based survey. BMC Emerg Med 
2019; 19: 20 [PMID: 30813898 DOI: 10.1186/s12873-019-0236-3]

6 Wickramasinghe DP, Xavier C, Samarasekera DN. The Worldwide Epidemiology of Acute Appendicitis: An Analysis of the Global Health 
Data Exchange Dataset. World J Surg 2021; 45: 1999-2008 [PMID: 33755751 DOI: 10.1007/s00268-021-06077-5]

7 Yang Y, Guo C, Gu Z, Hua J, Zhang J, Qian S, Shi J. The Global Burden of Appendicitis in 204 Countries and Territories from 1990 to 2019. 
Clin Epidemiol 2022; 14: 1487-1499 [PMID: 36536897 DOI: 10.2147/CLEP.S376665]

8 Ferris M, Quan S, Kaplan BS, Molodecky N, Ball CG, Chernoff GW, Bhala N, Ghosh S, Dixon E, Ng S, Kaplan GG. The Global Incidence of 
Appendicitis: A Systematic Review of Population-based Studies. Ann Surg 2017; 266: 237-241 [PMID: 28288060 DOI: 
10.1097/SLA.0000000000002188]

9 Segev L, Keidar A, Schrier I, Rayman S, Wasserberg N, Sadot E. Acute appendicitis in the elderly in the twenty-first century. J Gastrointest 
Surg 2015; 19: 730-735 [PMID: 25681217 DOI: 10.1007/s11605-014-2716-9]

10 Lapsa S, Ozolins A, Strumfa I, Gardovskis J. Acute Appendicitis in the Elderly: A Literature Review on an Increasingly Frequent Surgical 
Problem. Geriatrics (Basel) 2021; 6 [PMID: 34562994 DOI: 10.3390/geriatrics6030093]

11 Weinandt M, Godiris-Petit G, Menegaux F, Chereau N, Lupinacci RM. Appendicitis is a Severe Disease in Elderly Patients: A Twenty-Year 
Audit. JSLS 2020; 24 [PMID: 32863702 DOI: 10.4293/JSLS.2020.00046]

12 Bhullar JS, Chaudhary S, Cozacov Y, Lopez P, Mittal VK. Acute appendicitis in the elderly: diagnosis and management still a challenge. Am 
Surg 2014; 80: E295-E297 [PMID: 25347482]

13 Horattas MC, Guyton DP, Wu D. A reappraisal of appendicitis in the elderly. Am J Surg 1990; 160: 291-293 [PMID: 2393058 DOI: 
10.1016/s0002-9610(06)80026-7]

14 Omari AH, Khammash MR, Qasaimeh GR, Shammari AK, Yaseen MK, Hammori SK. Acute appendicitis in the elderly: risk factors for 
perforation. World J Emerg Surg 2014; 9: 6 [PMID: 24428909 DOI: 10.1186/1749-7922-9-6]

15 Cibert-Goton V, Kung VWS, McGuire C, Hockley JRF, Tranter MM, Dogra H, Belai A, Blackshaw LA, Sanger GJ, Knowles CH, Araujo 
EJA, Winchester WJ, Bulmer DC. Functional and anatomical deficits in visceral nociception with age: a mechanism of silent appendicitis in the 
elderly? Pain 2020; 161: 773-786 [PMID: 31790010 DOI: 10.1097/j.pain.0000000000001764]

16 Fransvea P, Fico V, Cozza V, Costa G, Lepre L, Mercantini P, La Greca A, Sganga G; ERASO study group. Clinical-pathological features and 
treatment of acute appendicitis in the very elderly: an interim analysis of the FRAILESEL Italian multicentre prospective study. Eur J Trauma 
Emerg Surg 2022; 48: 1177-1188 [PMID: 33738537 DOI: 10.1007/s00068-021-01645-9]

17 Bhangu A, Søreide K, Di Saverio S, Assarsson JH, Drake FT. Acute appendicitis: modern understanding of pathogenesis, diagnosis, and 
management. Lancet 2015; 386: 1278-1287 [PMID: 26460662 DOI: 10.1016/S0140-6736(15)00275-5]

18 Michela Chiarello M, Brisinda G. Diagnostic pathways in acute appendicitis; clinical score plus ultrasound outperform CT-scan or upfront 
surgery especially in doubtful cases. World J Surg 2024; 48: 1360-1362 [PMID: 38658169 DOI: 10.1002/wjs.12187]

19 Cohen-Arazi O, Dabour K, Bala M, Haran A, Almogy G. Management, treatment and outcomes of acute appendicitis in an elderly population: 
a single-center experience. Eur J Trauma Emerg Surg 2017; 43: 723-727 [PMID: 27807602 DOI: 10.1007/s00068-016-0735-9]

20 Millet I, Sebbane M, Molinari N, Pages-Bouic E, Curros-Doyon F, Riou B, Taourel P. Systematic unenhanced CT for acute abdominal 
symptoms in the elderly patients improves both emergency department diagnosis and prompt clinical management. Eur Radiol 2017; 27: 868-
877 [PMID: 27271919 DOI: 10.1007/s00330-016-4425-0]

21 Kotaluoto S, Ukkonen M, Pauniaho SL, Helminen M, Sand J, Rantanen T. Mortality Related to Appendectomy; a Population Based Analysis 
over Two Decades in Finland. World J Surg 2017; 41: 64-69 [PMID: 27535664 DOI: 10.1007/s00268-016-3688-6]

22 Kraemer M, Franke C, Ohmann C, Yang Q; Acute Abdominal Pain Study Group. Acute appendicitis in late adulthood: incidence, 
presentation, and outcome. Results of a prospective multicenter acute abdominal pain study and a review of the literature. Langenbecks Arch 
Surg 2000; 385: 470-481 [PMID: 11131250 DOI: 10.1007/s004230000165]

23 Hui TT, Major KM, Avital I, Hiatt JR, Margulies DR. Outcome of elderly patients with appendicitis: effect of computed tomography and 
laparoscopy. Arch Surg 2002; 137: 995-8; discussion 999 [PMID: 12215147 DOI: 10.1001/archsurg.137.9.995]

24 Poillucci G, Podda M, Pisanu A, Mortola L, Dalla Caneva P, Massa G, Costa G, Savastano R, Cillara N; ERASO (Elderly Risk Assessment 
And Surgical Outcome) Collaborative Study Group. Risk factors for postoperative morbidity following appendectomy in the elderly: a 
nationwide prospective cohort study. Eur J Trauma Emerg Surg 2021; 47: 1729-1737 [PMID: 31309237 DOI: 10.1007/s00068-019-01186-2]

25 Reitz KM, Kennedy J, Li SR, Handzel R, Tonetti DA, Neal MD, Zuckerbraun BS, Hall DE, Sperry JL, Angus DC, Tzeng E, Seymour CW. 
Association Between Time to Source Control in Sepsis and 90-Day Mortality. JAMA Surg 2022; 157: 817-826 [PMID: 35830181 DOI: 
10.1001/jamasurg.2022.2761]

26 Fugazzola P, Ceresoli M, Agnoletti V, Agresta F, Amato B, Carcoforo P, Catena F, Chiara O, Chiarugi M, Cobianchi L, Coccolini F, De Troia 
A, Di Saverio S, Fabbri A, Feo C, Gabrielli F, Gurrado A, Guttadauro A, Leone L, Marrelli D, Petruzzelli L, Portolani N, Prete FP, Puzziello 
A, Sartelli M, Soliani G, Testini M, Tolone S, Tomasoni M, Tugnoli G, Viale P, Zese M, Ishay OB, Kluger Y, Kirkpatrick A, Ansaloni L. The 
SIFIPAC/WSES/SICG/SIMEU guidelines for diagnosis and treatment of acute appendicitis in the elderly (2019 edition). World J Emerg Surg 
2020; 15: 19 [PMID: 32156296 DOI: 10.1186/s13017-020-00298-0]
Salminen P, Paajanen H, Rautio T, Nordström P, Aarnio M, Rantanen T, Tuominen R, Hurme S, Virtanen J, Mecklin JP, Sand J, Jartti A, 27

http://www.ncbi.nlm.nih.gov/pubmed/28236464
https://dx.doi.org/10.1016/S0140-6736(16)32381-9
http://www.ncbi.nlm.nih.gov/pubmed/28670849
https://dx.doi.org/10.1111/ggi.13118
http://www.ncbi.nlm.nih.gov/pubmed/37232122
https://dx.doi.org/10.1097/JS9.0000000000000499
http://www.ncbi.nlm.nih.gov/pubmed/26620724
https://dx.doi.org/10.1002/bjs.10044
http://www.ncbi.nlm.nih.gov/pubmed/30813898
https://dx.doi.org/10.1186/s12873-019-0236-3
http://www.ncbi.nlm.nih.gov/pubmed/33755751
https://dx.doi.org/10.1007/s00268-021-06077-5
http://www.ncbi.nlm.nih.gov/pubmed/36536897
https://dx.doi.org/10.2147/CLEP.S376665
http://www.ncbi.nlm.nih.gov/pubmed/28288060
https://dx.doi.org/10.1097/SLA.0000000000002188
http://www.ncbi.nlm.nih.gov/pubmed/25681217
https://dx.doi.org/10.1007/s11605-014-2716-9
http://www.ncbi.nlm.nih.gov/pubmed/34562994
https://dx.doi.org/10.3390/geriatrics6030093
http://www.ncbi.nlm.nih.gov/pubmed/32863702
https://dx.doi.org/10.4293/JSLS.2020.00046
http://www.ncbi.nlm.nih.gov/pubmed/25347482
http://www.ncbi.nlm.nih.gov/pubmed/2393058
https://dx.doi.org/10.1016/s0002-9610(06)80026-7
http://www.ncbi.nlm.nih.gov/pubmed/24428909
https://dx.doi.org/10.1186/1749-7922-9-6
http://www.ncbi.nlm.nih.gov/pubmed/31790010
https://dx.doi.org/10.1097/j.pain.0000000000001764
http://www.ncbi.nlm.nih.gov/pubmed/33738537
https://dx.doi.org/10.1007/s00068-021-01645-9
http://www.ncbi.nlm.nih.gov/pubmed/26460662
https://dx.doi.org/10.1016/S0140-6736(15)00275-5
http://www.ncbi.nlm.nih.gov/pubmed/38658169
https://dx.doi.org/10.1002/wjs.12187
http://www.ncbi.nlm.nih.gov/pubmed/27807602
https://dx.doi.org/10.1007/s00068-016-0735-9
http://www.ncbi.nlm.nih.gov/pubmed/27271919
https://dx.doi.org/10.1007/s00330-016-4425-0
http://www.ncbi.nlm.nih.gov/pubmed/27535664
https://dx.doi.org/10.1007/s00268-016-3688-6
http://www.ncbi.nlm.nih.gov/pubmed/11131250
https://dx.doi.org/10.1007/s004230000165
http://www.ncbi.nlm.nih.gov/pubmed/12215147
https://dx.doi.org/10.1001/archsurg.137.9.995
http://www.ncbi.nlm.nih.gov/pubmed/31309237
https://dx.doi.org/10.1007/s00068-019-01186-2
http://www.ncbi.nlm.nih.gov/pubmed/35830181
https://dx.doi.org/10.1001/jamasurg.2022.2761
http://www.ncbi.nlm.nih.gov/pubmed/32156296
https://dx.doi.org/10.1186/s13017-020-00298-0


Fransvea P et al. Sarcopenia and frailty in acute appendicitis

WJCC https://www.wjgnet.com 6585 November 26, 2024 Volume 12 Issue 33

Rinta-Kiikka I, Grönroos JM. Antibiotic Therapy vs Appendectomy for Treatment of Uncomplicated Acute Appendicitis: The APPAC 
Randomized Clinical Trial. JAMA 2015; 313: 2340-2348 [PMID: 26080338 DOI: 10.1001/jama.2015.6154]

28 Park HC, Kim MJ, Lee BH. Antibiotic therapy for appendicitis in patients aged ≥80 years. Am J Med 2014; 127: 562-564 [PMID: 24503345 
DOI: 10.1016/j.amjmed.2014.01.018]

29 Southgate E, Vousden N, Karthikesalingam A, Markar SR, Black S, Zaidi A. Laparoscopic vs open appendectomy in older patients. Arch Surg 
2012; 147: 557-562 [PMID: 22786544 DOI: 10.1001/archsurg.2012.568]

30 Dowgiałło-Wnukiewicz N, Kozera P, Wójcik W, Lech P, Rymkiewicz P, Michalik M. Surgical treatment of acute appendicitis in older 
patients. Pol Przegl Chir 2019; 91: 12-15 [PMID: 31032807 DOI: 10.5604/01.3001.0012.8556]

31 Yuan J, Chen Q, Hong W, Yu L, Li X. Comparison of Clinical Features and Outcomes of Appendectomy in Elderly vs. Non-Elderly: A 
Systematic Review and Meta-Analysis. Front Surg 2022; 9: 818347 [PMID: 35265661 DOI: 10.3389/fsurg.2022.818347]

32 Wang D, Dong T, Shao Y, Gu T, Xu Y, Jiang Y. Laparoscopy versus open appendectomy for elderly patients, a meta-analysis and systematic 
review. BMC Surg 2019; 19: 54 [PMID: 31138196 DOI: 10.1186/s12893-019-0515-7]

33 Fransvea P, Puccioni C, Altieri G, D'Agostino L, Costa G, Tropeano G, La Greca A, Brisinda G, Sganga G. Beyond acute appendicitis: a 
single-institution experience of unexpected pathology findings after 989 consecutive emergency appendectomy. Langenbecks Arch Surg 2024; 
409: 87 [PMID: 38441707 DOI: 10.1007/s00423-024-03277-0]

34 Parmar KL, Law J, Carter B, Hewitt J, Boyle JM, Casey P, Maitra I, Farrell IS, Pearce L, Moug SJ; ELF Study Group. Frailty in Older 
Patients Undergoing Emergency Laparotomy: Results From the UK Observational Emergency Laparotomy and Frailty (ELF) Study. Ann Surg 
2021; 273: 709-718 [PMID: 31188201 DOI: 10.1097/SLA.0000000000003402]

35 Yang L, Zheng R, Li H, Ren Y, Chen H. The burden of appendicitis and surgical site infection of appendectomy worldwide. J Infect Dev 
Ctries 2023; 17: 367-373 [PMID: 37023429 DOI: 10.3855/jidc.17145]

36 Rangel EL, Rios-Diaz AJ, Uyeda JW, Castillo-Angeles M, Cooper Z, Olufajo OA, Salim A, Sodickson AD. Sarcopenia as a tool for 
preoperative decision-making. J Trauma Acute Care Surg 2019; 86: 377-379 [PMID: 30395013 DOI: 10.1097/TA.0000000000002115]

37 Tan HL, Chia STX, Nadkarni NV, Ang SY, Seow DCC, Wong TH. Frailty and functional decline after emergency abdominal surgery in the 
elderly: a prospective cohort study. World J Emerg Surg 2019; 14: 62 [PMID: 31892937 DOI: 10.1186/s13017-019-0280-z]

38 Du Y, Karvellas CJ, Baracos V, Williams DC, Khadaroo RG; Acute Care and Emergency Surgery (ACES) Group. Sarcopenia is a predictor of 
outcomes in very elderly patients undergoing emergency surgery. Surgery 2014; 156: 521-527 [PMID: 24929435 DOI: 
10.1016/j.surg.2014.04.027]

39 Hajibandeh S, Hajibandeh S, Brown C, Harper ER, Saji AP, Hughes I, Mitra K, Rashwany H, Clayton A, Patel N, Abdelrahman T, Foliaki A, 
Kumar N. Sarcopenia versus clinical frailty scale in predicting the risk of postoperative mortality after emergency laparotomy: a retrospective 
cohort study. Langenbecks Arch Surg 2024; 409: 59 [PMID: 38351404 DOI: 10.1007/s00423-024-03252-9]

40 Body S, Ligthart MAP, Rahman S, Ward J, May-Miller P, Pucher PH, Curtis NJ, West MA; Wessex Research Collaborative. Sarcopenia and 
Myosteatosis Predict Adverse Outcomes After Emergency Laparotomy: A Multi-center Observational Cohort Study. Ann Surg 2022; 275: 
1103-1111 [PMID: 33914486 DOI: 10.1097/SLA.0000000000004781]

41 Yamaguchi K, Matsumoto S, Abe T, Nakajima K, Senoo S, Shimizu M, Takeuchi I. Predictive value of total psoas muscle index for 
postoperative physical functional decline in older patients undergoing emergency abdominal surgery. BMC Surg 2023; 23: 171 [PMID: 
37355574 DOI: 10.1186/s12893-023-02085-5]

42 Fried TR, Bradley EH, Towle VR, Allore H. Understanding the treatment preferences of seriously ill patients. N Engl J Med 2002; 346: 1061-
1066 [PMID: 11932474 DOI: 10.1056/NEJMsa012528]

43 Park B, Bhat S, Xia W, Barazanchi AWH, Frampton C, Hill AG, MacCormick AD. Consensus-defined sarcopenia predicts adverse outcomes 
after elective abdominal surgery: meta-analysis. BJS Open 2023; 7 [PMID: 37542472 DOI: 10.1093/bjsopen/zrad065]

44 Hajibandeh S, Hajibandeh S, Hughes I, Mitra K, Puthiyakunnel Saji A, Clayton A, Alessandri G, Duncan T, Cornish J, Morris C, O'Reilly D, 
Kumar N. Development and Validation of HAS (Hajibandeh Index, ASA Status, Sarcopenia) - A Novel Model for Predicting Mortality After 
Emergency Laparotomy. Ann Surg 2024; 279: 501-509 [PMID: 37139796 DOI: 10.1097/SLA.0000000000005897]

45 Yildirim AC, Atlanoğlu Ş, Gedik MA, Zeren S, Ekici MF. The predictive value of computerized tomography-assessed sarcopenia for 
complicated appendicitis in geriatric patients. Aging Med (Milton) 2023; 6: 222-229 [PMID: 37711261 DOI: 10.1002/agm2.12259]

46 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, Cooper C, Landi F, Rolland Y, Sayer AA, Schneider SM, Sieber CC, 
Topinkova E, Vandewoude M, Visser M, Zamboni M; Writing Group for the European Working Group on Sarcopenia in Older People 2 
(EWGSOP2), and the Extended Group for EWGSOP2. Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing 2019; 
48: 16-31 [PMID: 30312372 DOI: 10.1093/ageing/afy169]

47 Huang DD, Cai HY, Chen XY, Dong WX, Wangchuk D, Yan JY, Chen XL, Dong QT. Value of Sarcopenia defined by the new EWGSOP2 
consensus for the prediction of Postoperative Complications and Long-term Survival after Radical Gastrectomy for Gastric Cancer: A 
comparison with four common nutritional screening tools. J Cancer 2020; 11: 5852-5860 [PMID: 32913478 DOI: 10.7150/jca.49815]

48 Liu Z, Wu Y, Khan AA, Lun LU, Wang J, Chen J, Jia N, Zheng S, Xu X. Deep learning-based radiomics allows for a more accurate 
assessment of sarcopenia as a prognostic factor in hepatocellular carcinoma. J Zhejiang Univ Sci B 2024; 25: 83-90 [PMID: 38163668 DOI: 
10.1631/jzus.B2300363]

49 Voulgaridou G, Tyrovolas S, Detopoulou P, Tsoumana D, Drakaki M, Apostolou T, Chatziprodromidou IP, Papandreou D, Giaginis C, 
Papadopoulou SK. Diagnostic Criteria and Measurement Techniques of Sarcopenia: A Critical Evaluation of the Up-to-Date Evidence. 
Nutrients 2024; 16 [PMID: 38337720 DOI: 10.3390/nu16030436]

50 Gagnat G, Hobeika C, Modzelewski R, Collet CS, Di Fiore F, Druesne L, Tuech JJ, Schwarz L. Evaluation of sarcopenia biomarkers in older 
patients undergoing major surgery for digestive cancer. SAXO prospective cohort study. Eur J Surg Oncol 2023; 49: 285-292 [PMID: 
36167704 DOI: 10.1016/j.ejso.2022.08.038]

51 Fairchild B, Webb TP, Xiang Q, Tarima S, Brasel KJ. Sarcopenia and frailty in elderly trauma patients. World J Surg 2015; 39: 373-379 
[PMID: 25249011 DOI: 10.1007/s00268-014-2785-7]

52 Kołodziejska K, Tylec P, Droś J, Kacprzyk A, Kula W, Matyja M, Pędziwiatr M, Rubinkiewicz M. Modified Frailty Index and Brief Geriatric 
Assessment does not predict prolonged hospitalization in elderly patients undergoing appendectomy due to Acute Appendicitis. Pol Przegl 
Chir 2022; 95: 1-5 [PMID: 36807094 DOI: 10.5604/01.3001.0016.0663]
Hewitt J, Carter B, McCarthy K, Pearce L, Law J, Wilson FV, Tay HS, McCormack C, Stechman MJ, Moug SJ, Myint PK. Frailty predicts 
mortality in all emergency surgical admissions regardless of age. An observational study. Age Ageing 2019; 48: 388-394 [PMID: 30778528 

53

http://www.ncbi.nlm.nih.gov/pubmed/26080338
https://dx.doi.org/10.1001/jama.2015.6154
http://www.ncbi.nlm.nih.gov/pubmed/24503345
https://dx.doi.org/10.1016/j.amjmed.2014.01.018
http://www.ncbi.nlm.nih.gov/pubmed/22786544
https://dx.doi.org/10.1001/archsurg.2012.568
http://www.ncbi.nlm.nih.gov/pubmed/31032807
https://dx.doi.org/10.5604/01.3001.0012.8556
http://www.ncbi.nlm.nih.gov/pubmed/35265661
https://dx.doi.org/10.3389/fsurg.2022.818347
http://www.ncbi.nlm.nih.gov/pubmed/31138196
https://dx.doi.org/10.1186/s12893-019-0515-7
http://www.ncbi.nlm.nih.gov/pubmed/38441707
https://dx.doi.org/10.1007/s00423-024-03277-0
http://www.ncbi.nlm.nih.gov/pubmed/31188201
https://dx.doi.org/10.1097/SLA.0000000000003402
http://www.ncbi.nlm.nih.gov/pubmed/37023429
https://dx.doi.org/10.3855/jidc.17145
http://www.ncbi.nlm.nih.gov/pubmed/30395013
https://dx.doi.org/10.1097/TA.0000000000002115
http://www.ncbi.nlm.nih.gov/pubmed/31892937
https://dx.doi.org/10.1186/s13017-019-0280-z
http://www.ncbi.nlm.nih.gov/pubmed/24929435
https://dx.doi.org/10.1016/j.surg.2014.04.027
http://www.ncbi.nlm.nih.gov/pubmed/38351404
https://dx.doi.org/10.1007/s00423-024-03252-9
http://www.ncbi.nlm.nih.gov/pubmed/33914486
https://dx.doi.org/10.1097/SLA.0000000000004781
http://www.ncbi.nlm.nih.gov/pubmed/37355574
https://dx.doi.org/10.1186/s12893-023-02085-5
http://www.ncbi.nlm.nih.gov/pubmed/11932474
https://dx.doi.org/10.1056/NEJMsa012528
http://www.ncbi.nlm.nih.gov/pubmed/37542472
https://dx.doi.org/10.1093/bjsopen/zrad065
http://www.ncbi.nlm.nih.gov/pubmed/37139796
https://dx.doi.org/10.1097/SLA.0000000000005897
http://www.ncbi.nlm.nih.gov/pubmed/37711261
https://dx.doi.org/10.1002/agm2.12259
http://www.ncbi.nlm.nih.gov/pubmed/30312372
https://dx.doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/32913478
https://dx.doi.org/10.7150/jca.49815
http://www.ncbi.nlm.nih.gov/pubmed/38163668
https://dx.doi.org/10.1631/jzus.B2300363
http://www.ncbi.nlm.nih.gov/pubmed/38337720
https://dx.doi.org/10.3390/nu16030436
http://www.ncbi.nlm.nih.gov/pubmed/36167704
https://dx.doi.org/10.1016/j.ejso.2022.08.038
http://www.ncbi.nlm.nih.gov/pubmed/25249011
https://dx.doi.org/10.1007/s00268-014-2785-7
http://www.ncbi.nlm.nih.gov/pubmed/36807094
https://dx.doi.org/10.5604/01.3001.0016.0663
http://www.ncbi.nlm.nih.gov/pubmed/30778528


Fransvea P et al. Sarcopenia and frailty in acute appendicitis

WJCC https://www.wjgnet.com 6586 November 26, 2024 Volume 12 Issue 33

DOI: 10.1093/ageing/afy217]
54 Buettner S, Wagner D, Kim Y, Margonis GA, Makary MA, Wilson A, Sasaki K, Amini N, Gani F, Pawlik TM. Inclusion of Sarcopenia 

Outperforms the Modified Frailty Index in Predicting 1-Year Mortality among 1,326 Patients Undergoing Gastrointestinal Surgery for a 
Malignant Indication. J Am Coll Surg 2016; 222: 397-407.e2 [PMID: 26803743 DOI: 10.1016/j.jamcollsurg.2015.12.020]

55 Fusario D, Neri A, Carbone L, Resca L, Marano L, Gassi G, Calomino N, Verre L, Roviello F, Marrelli D. The Emergency Surgery Frailty 
Index (EmSFI) in Elderly Patients with Acute Appendicitis: An External Validation of Prognostic Score. World J Surg 2023; 47: 1713-1720 
[PMID: 36947203 DOI: 10.1007/s00268-023-06975-w]

56 Reinisch A, Reichert M, Ondo Meva CC, Padberg W, Ulrich F, Liese J. Frailty in elderly patients with acute appendicitis. Eur J Trauma 
Emerg Surg 2022; 48: 3033-3042 [PMID: 35107591 DOI: 10.1007/s00068-022-01878-2]

57 Salzman GA, Saliba D, Ko CY, Maggard-Gibbons M, Russell MM. The Association of Frailty With Outcomes for Older Adults Undergoing 
Appendectomy. Am Surg 2022; 88: 2456-2463 [PMID: 35576607 DOI: 10.1177/00031348221101493]

58 Huang DD, Wang SL, Zhuang CL, Zheng BS, Lu JX, Chen FF, Zhou CJ, Shen X, Yu Z. Sarcopenia, as defined by low muscle mass, strength 
and physical performance, predicts complications after surgery for colorectal cancer. Colorectal Dis 2015; 17: O256-O264 [PMID: 26194849 
DOI: 10.1111/codi.13067]

59 Ninomiya G, Fujii T, Yamada S, Yabusaki N, Suzuki K, Iwata N, Kanda M, Hayashi M, Tanaka C, Nakayama G, Sugimoto H, Koike M, 
Fujiwara M, Kodera Y. Clinical impact of sarcopenia on prognosis in pancreatic ductal adenocarcinoma: A retrospective cohort study. Int J 
Surg 2017; 39: 45-51 [PMID: 28110029 DOI: 10.1016/j.ijsu.2017.01.075]

60 Hung SK, Kou HW, Hsu KH, Wu CT, Lee CW, Leonard Goh ZN, Seak CK, Chen-Yeen Seak J, Liu YT, Seak CJ; SPOT investigators. 
Sarcopenia is a useful risk stratification tool to prognosticate splenic abscess patients in the emergency department. J Formos Med Assoc 2021; 
120: 997-1004 [PMID: 32917483 DOI: 10.1016/j.jfma.2020.08.039]

61 Bianchi V, Giambusso M, De Iacob A, Chiarello MM, Brisinda G. Artificial intelligence in the diagnosis and treatment of acute appendicitis: a 
narrative review. Updates Surg 2024; 76: 783-792 [PMID: 38472633 DOI: 10.1007/s13304-024-01801-x]

https://dx.doi.org/10.1093/ageing/afy217
http://www.ncbi.nlm.nih.gov/pubmed/26803743
https://dx.doi.org/10.1016/j.jamcollsurg.2015.12.020
http://www.ncbi.nlm.nih.gov/pubmed/36947203
https://dx.doi.org/10.1007/s00268-023-06975-w
http://www.ncbi.nlm.nih.gov/pubmed/35107591
https://dx.doi.org/10.1007/s00068-022-01878-2
http://www.ncbi.nlm.nih.gov/pubmed/35576607
https://dx.doi.org/10.1177/00031348221101493
http://www.ncbi.nlm.nih.gov/pubmed/26194849
https://dx.doi.org/10.1111/codi.13067
http://www.ncbi.nlm.nih.gov/pubmed/28110029
https://dx.doi.org/10.1016/j.ijsu.2017.01.075
http://www.ncbi.nlm.nih.gov/pubmed/32917483
https://dx.doi.org/10.1016/j.jfma.2020.08.039
http://www.ncbi.nlm.nih.gov/pubmed/38472633
https://dx.doi.org/10.1007/s13304-024-01801-x


WJCC https://www.wjgnet.com 6587 November 26, 2024 Volume 12 Issue 33

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2024 November 26; 12(33): 6587-6590

DOI: 10.12998/wjcc.v12.i33.6587 ISSN 2307-8960 (online)

EDITORIAL

Evaluation of the mental health of COVID-19 patients discharged 
from the intensive care unit

Elif Sarac

Specialty type: Psychology, Social

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C 
Novelty: Grade B 
Creativity or Innovation: Grade B 
Scientific Significance: Grade B

P-Reviewer: Adam CA

Received: April 26, 2024 
Revised: June 3, 2024 
Accepted: June 25, 2024 
Published online: November 26, 
2024 
Processing time: 153 Days and 14.4 
Hours

Elif Sarac, Ministry of National Defense, General Directorate of Management Services, Ankara 
06000, Türkiye

Corresponding author: Elif Sarac, PhD, Researcher, Ministry of National Defense, General 
Directorate of Management Services, Bilkent, Ankara 06000, Türkiye. sarac.elf@gmail.com

Abstract
In this editorial, I address the mental health status of patients who have been 
discharged from intensive care units (ICUs) after battling coronavirus disease 
2019 (COVID-19). An ICU admission is generally a stressful experience, and for 
severe COVID-19 survivors prolonged treatment in the ICU can lead to significant 
psychological consequences. These individuals may experience psychiatric dis-
tress, including symptoms such as insomnia, anxiety, depression, and even post-
traumatic psychological issues. Research indicates that during the first 6 months 
to 1 year following an ICU stay, nearly one-third of survivors exhibit symptoms 
similar to those of depression and post-traumatic stress disorder. Several factors 
may have contributed to the development of depressive and anxious symptoms 
during the COVID-19 pandemic, particularly for those who underwent an ICU 
stay. The ICU environment itself is inherently stressful, filled with the constant 
noise of various medical devices. Studies have provided strong evidence that the 
prolonged need for ventilation support and the loss of freedom of movement are 
key factors in the development of psychological problems among COVID-19 
patients who had been treated in the ICU.

Key Words: COVID-19; Patient; Post-intensive care unit; Discharge; Mental health
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Core Tip: A prolonged stay in the intensive care unit (ICU) for coronavirus disease 2019 
can be psychologically traumatic to survivors. In addition to pandemic-related risk 
factors such as widespread contagion and lockdowns, it is crucial to emphasize the 
importance of monitoring the psychological health of individuals who have spent an 
extended period in the ICU.
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INTRODUCTION
The coronavirus disease 2019 (COVID-19) outbreak was declared a global public health emergency[1]. Despite ongoing 
efforts to combat the virus, it continues to spread in various forms. The clinical manifestations of COVID-19 vary widely, 
ranging from asymptomatic cases to severe physical and psychological issues, including multi-organ dysfunction[2-4]. 
Preventive measures such as social isolation, prolonged mask-wearing, and strict working conditions have had a 
significant impact on daily life. The disease poses a threat not only to physical health but also to mental well-being. 
Individuals in critical condition who were admitted to intensive care units (ICUs) face the highest risk of developing 
psychological distress later in life. Research supports the link between extended ICU stays, post-intensive care syndrome 
(PICS), and the onset of psychiatric disorders[5-8]. PICS can also lead to cognitive, physical, and mental health 
impairments.

In 5%-11% of cases, COVID-19 infection leads to medical complications that require a prolonged stay in an ICU with 
mechanical ventilation[5,9,10]. ICU hospitalization during COVID-19 treatment can be a traumatic experience. In addition 
to the many stressors associated with the pandemic, such as fear of the disease, social isolation, and uncertainty about the 
future, an extended ICU stay can further exacerbate a patient's psychological condition. Increasing evidence suggests that 
the virus has a significant emotional impact[2,11]. In particular, experiencing severe symptoms and requiring ICU 
admission may result in heightened anxiety, depression, and post-traumatic stress disorder (PTSD)[12,13].

Assessing the psychological health of COVID-19 survivors after ICU discharge is crucial for determining whether 
individuals receive appropriate mental health care during or after their ICU stay. Public health professionals have made 
significant efforts to prevent the spread of the disease and to minimize the comorbidities associated with COVID-19 
treatments, including the psychological impact on survivors.

PICS
Critical illnesses are commonly associated with PICS, which affects many patients after ICU discharge. PICS is linked to 
high rates of psychological symptoms, including distress, anxiety, insomnia, and PTSD[14]. Preventative measures to 
reduce the incidence and severity of PICS are being implemented, such as orientation and communication strategies, 
early mobilization, and rehabilitation programs[15,16].

IMPORTANCE OF ASSESSING MENTAL HEALTH AMONG COVID-19 PATIENTS AFTER ICU 
DISCHARGE
To date, many studies exploring the impacts of the COVID-19 pandemic have focused primarily on physical or 
psychosocial outcomes. However, the literature is limited on the mental health of individuals who experienced severe 
symptoms and required ICU hospitalization. Previous research suggests that the long-term consequences of the virus 
include chronic fatigue and organ damage[17,18]. In addition to severe symptoms or physical disabilities, the pandemic 
has been associated with increased levels of anxiety, worry, and social avoidance behavior in the general population[19]. 
However, there is limited data on whether patients receive mental health care during or after their ICU admission[14,20]. 
It is well known that ICU admission can lead to various psychological disorders or negative emotions, including fear, 
nervousness, sadness, guilt, confusion, anger, numbness, and anxiety-induced insomnia[21-23]. Investigating the 
responses of COVID-19 survivors to their ICU hospitalization experience is crucial for providing better care and 
developing effective coping strategies.

There is strong evidence that preventive measures implemented during the pandemic, such as quarantine, isolation, 
and social distancing, may also contribute to the worsening of mental health in individuals and their family members[24,
25].

Alhammad et al[26] published a significant study titled "Mental Health Status Among COVID-19 Patients Survivors of 
Critical Illness in Saudi Arabia: A 6-Month Follow-Up Questionnaire Study". This study focused on evaluating anxiety 
and depression in patients who had severe COVID-19. The research involved screening all patients with laboratory or 
radiological confirmation of COVID-19 who were either admitted to the ICU or under ICU observation for more than 24 h 
between April 2020 and November 2020. Data were collected using the Arabic version of the Hospital Anxiety and 
Depression Scale[27]. A total of 48 valid responses were received. The study concluded that individuals who were 
critically ill with the virus experienced anxiety or depression up to 6 months post-ICU discharge. These findings align 
with existing literature and confirm that the long-term impact of the disease persists even after discharge[28,29]. Piras et al
[28] reported that patients commonly experienced negative feelings, anxiety, loneliness, and fear of dying. Another study 

https://www.wjgnet.com/2307-8960/full/v12/i33/6587.htm
https://dx.doi.org/10.12998/wjcc.v12.i33.6587


Sarac E. Mental health status of COVID-19 survivors

WJCC https://www.wjgnet.com 6589 November 26, 2024 Volume 12 Issue 33

found that disabilities in daily activities and anxiety persisted up to 12 months after ICU discharge[30]. This evidence 
underscores the long-term mental health issues associated with extended ICU stays. The similarity in findings may be 
attributed to factors such as prolonged bed rest, the uncertainties associated with the virus, and the use of pharmaco-
logical sedation, which could lead to motor level impairments and nervous system deficits. Additionally, a study by Sun 
et al[31] found suggestive evidence of fear and stigma among individuals who experienced ICU admission. They also 
highlighted that the most challenging aspect was the feeling of complete isolation.

The results from studies indicate that the majority of individuals who experienced a prolonged ICU stay primarily 
faced mild to moderate levels of anxiety and depression related to their hospitalization. Given that long-term ICU stays 
can significantly impact patients' quality of life, it is crucial to identify those at risk to ensure effective management upon 
discharge and to provide continuity of care.

CLINICAL IMPLICATIONS
Since the onset of the COVID-19 pandemic, scientific research on psychological consequences has predominantly focused 
on objectively measurable aspects, such as panic disorder, insomnia, depression, and PTSD. However, there has been a 
neglect of the subjective experiences and emotions that may impact the mental health and quality of life of individuals 
who faced severe complications in the ICU.

CONCLUSION
The findings represent strong evidence that the prevalence of persistent psychological symptoms is higher among 
COVID-19 survivors following ICU hospitalization. Further research is suggested to identify individuals at risk for long-
term effects of COVID-19 and to implement holistic care that begins before discharge and continues within the 
community after leaving the hospital or ICU.
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Abstract
A recent review by Gulinac et al, provides an in-depth analysis of current clinical 
issues and challenges in gastrointestinal imaging. This editorial highlights the 
advancements in imaging techniques, including the integration of artificial in-
telligence and functional imaging modalities, and discusses the ongoing rele-
vance of traditional nuclear medicine tests. The future of gastrointestinal imaging 
looks promising, with continuous improvements in resolution, enhanced ability to 
analyze color and texture beyond visual diagnosis, faster image processing, and 
the application of molecular imaging and nanoparticles expected to enhance 
diagnostic accuracy and clinical outcomes.
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INTRODUCTION
Imaging techniques are pivotal in modern gastroenterology, allowing for detailed examination and diagnosis of gas-
trointestinal diseases. A recent review by Gulinac et al[1], describes the current clinical issues and challenges in gas-
trointestinal imaging. This editorial highlights the key insights and implications of their findings.

EVOLUTION OF GASTROINTESTINAL IMAGING
Gulinac et al[1] provide a comprehensive overview of both non-invasive and invasive imaging modalities used in the 
evaluation of gastrointestinal diseases. Traditional methods such as plain X-ray, defecography, enterography, computed 
tomography (CT), or magnetic resonance imaging (MRI) remain foundational, particularly for assessing acute conditions 
like bowel perforation and obstruction. However, newer technologies like functional imaging or advanced CT/MRI 
techniques are revolutionizing the field.

KEY FINDINGS AND ADVANCES, CHALLENGES, AND LIMITATIONS
The review emphasizes several advancements and acknowledges the associated challenges. Videoendoscopy, including 
esophagogastroduodenoscopy and colonoscopy, remains a cornerstone for both diagnosis and therapeutic interventions 
of gastrointestinal luminal disorders. Image-enhanced endoscopy enhances visual diagnosis by allowing targeted bio-
psies and aiding in the decision-making process for endoscopic resection techniques. However, the effectiveness of these 
techniques is influenced by the experience and expertise of the endoscopists, with subjective interpretability and inter-
observer variability tempering their widespread implementation[2,3]. Studies show that only experienced endoscopists 
with high confidence levels benefit significantly from this technology[4].

High-speed sequences and diffusion techniques in MRI, along with advanced CT imaging, provide detailed asse-
ssments of the gastrointestinal tract, aiding in the staging of cancers and evaluation of inflammatory diseases. Addi-
tionally, there is potential for advanced image processing to allow radiology to be a surrogate for biomarkers for certain 
gastrointestinal diseases[5]. Despite these advancements, high radiation exposure in CT, motion artifacts in MRI, and the 
invasive nature of endoscopy pose significant challenges. The effectiveness of imaging techniques heavily relies on the 
skill of the clinician, particularly in endoscopy and ultrasound. Furthermore, the high cost of advanced imaging techno-
logies and the need for specialized training limit their widespread use.

ROLE OF ARTIFICIAL INTELLIGENCE
Artificial intelligence (AI) is increasingly being integrated into gastrointestinal imaging to improve diagnostic accuracy 
and efficiency. Studies on computer-aided diagnosis (CAD) models in gastrointestinal endoscopy have shown that AI can 
augment clinical performance, reduce the burden on endoscopists from repetitive procedures, and facilitate concentration 
on professional activities[6,7]. CAD models provide consistent and robust answers, irrespective of the fatigue level of 
users, and can help in detecting hidden or hard-to-detect lesions. Additionally, they aid in the automated determination 
of the optimum classification and provide real-time clinical decision support systems, particularly beneficial for novice 
endoscopists[2,3]. AI and machine learning techniques hold the potential to overcome the limitations of visual diagnosis 
by providing more detailed analysis of image texture and color. However, current CAD models are often research-based 
and have limited practical application due to the unique characteristics of patients in different institutions[6,7]. The 
advancement of AI from traditional machine learning and deep learning to models with functionality, such as Trans-
formers with self-attention, will likely enhance the clinical applicability of CAD models in the near future. Furthermore, 
the development of fusion techniques and ensemble models using diverse input imaging data could lead to the creation 
of more robust and accurate diagnostic methods. The ultimate goal of AI-enabled predictive models or imaging mo-
dalities should be to improve clinical patient outcomes; however, there are no studies or devices that have demonstrated 
this with high quality evidence.

FUNCTIONAL IMAGING MODALITIES
The review also discusses the importance of functional imaging modalities such as EndoFLIP (functional lumen imaging 
probe), which provides detailed assessments of the geometry and function of the gastrointestinal lumen. These tech-
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niques are crucial for evaluating sphincter function and motility disorders, offering a less invasive alternative to tra-
ditional methods[1]. Contrast-enhanced ultrasound is another significant advancement, enhancing the visualization of 
vascularity and tissue perfusion in real-time. It is particularly useful in characterizing liver lesions and assessing inflam-
matory bowel diseases, providing a non-invasive method to gather functional and anatomical information simultan-
eously[1]. High-resolution electrogastrography is an emerging technique that records electrical activity of the stomach 
with improved spatial resolution, allowing for a more detailed analysis of gastric motility and function. This can help in 
diagnosing motility disorders such as gastroparesis and functional dyspepsia, providing a non-invasive method to assess 
gastric electrical activity[1]. High-resolution manometry (HRM) is another advanced diagnostic tool that measures 
intraluminal pressure within the gastrointestinal tract with high spatial and temporal resolution. HRM is particularly 
useful for diagnosing esophageal motility disorders and evaluating esophageal function, offering detailed pressure 
topography that aids in the identification of specific motility abnormalities. HRM in anorectal disorders also provides 
physiological insights to the physicians for the differentiation of defecatory disorders[1]. The wireless motility capsule is 
an emerging technology that offers a non-invasive method to assess gastrointestinal motility throughout the entire 
gastrointestinal tract. This small, ingestible device measures pressure, pH, and temperature as it travels through the 
gastrointestinal system, providing valuable data on gastric emptying, small bowel transit, and colonic transit times. The 
wireless motility capsule can help diagnose conditions like gastroparesis, chronic constipation, and other motility 
disorders, offering an alternative to more invasive procedures like manometry.

NUCLEAR MEDICINE IN GASTROINTESTINAL IMAGING
Traditional nuclear medicine tests like the gastric emptying test or DISIDA scan continue to be valuable tools in 
gastrointestinal imaging. These tests provide unique insights into gastric motility and biliary function that are not easily 
replicated by other imaging modalities. Additionally, intestinal transit scintigraphy is used to evaluate small and large 
bowel transit times, helping to diagnose conditions such as chronic constipation and motility disorders. Gastrointestinal 
bleeding scintigraphy is another crucial tool, enabling the detection and localization of active gastrointestinal bleeding, 
which is especially useful in patients with obscure or intermittent bleeding when other diagnostic methods fail. Despite 
advances in imaging technology, there remains a lack of suitable alternatives to these nuclear medicine tests for certain 
diagnostic purposes.

EMERGING AND ADVANCED IMAGING TECHNIQUES
New modalities such as MR defecography and CT/MR enterography are providing more comprehensive views of 
gastrointestinal structures and functions. MR defecography allows detailed imaging of the pelvic floor and anorectal 
region during defecation, which is invaluable in diagnosing defecatory disorders. CT/MR enterography offers enhanced 
visualization of the small intestine, helping in the diagnosis and management of inflammatory bowel diseases like 
Crohn's disease. Confocal laser endomicroscopy after the injection of fluorescently labeled antibodies shows great 
potential for providing real-time, high-resolution histological images, allowing for precise characterization of lesions. 
These advanced imaging techniques represent significant strides in the field and have the potential to improve diagnostic 
accuracy and patient outcomes[8]. Elastography is a noninvasive test used to check the stiffness of the organs and it is 
mostly used to evaluate liver fibrosis. This also can be done using the endoscopic ultrasound based method[9].

THE FUTURE OF GASTROINTESTINAL IMAGING
Gulinac et al[1] suggest that the future of gastrointestinal imaging lies in the integration of multimodal approaches and 
the development of new sub-modalities. The trend towards faster image acquisition, higher resolution, and enhanced 
software for post-processing is expected to continue. Additionally, molecular imaging and the use of nanoparticles as 
contrast agents hold promise for more precise and early diagnosis of gastrointestinal diseases. The development of fusion 
techniques and ensemble AI models using various input imaging data could further enhance the diagnostic capabilities, 
leading to innovative diagnostic methods.

CONCLUSION
While there are significant challenges, the ongoing technological advancements offer a promising future. The integration 
of various imaging modalities, the incorporation of AI, and the continuous improvement in imaging techniques will 
undoubtedly enhance the field of gastroenterology, leading to better patient outcomes and more efficient clinical 
practices. Advances such as higher resolution, enhanced analysis of color and texture beyond visual diagnosis, faster 
image processing, and the application of molecular imaging and nanoparticles are expected to drive the future of 
gastrointestinal imaging. Despite these advancements, traditional nuclear medicine tests remain indispensable, high-
lighting the need for a balanced approach that leverages both new and established technologies.
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Abstract
This editorial article is intended to perform a discussion on the manuscript 
entitled “Simultaneous portal vein thrombosis and splenic vein thrombosis in a 
COVID-19 patient: A case report and review of literature” written by Abramowitz 
et al. The article focuses on the diagnostic processes in a 77-year-old-male patient 
with a simultaneous portal vein and splenic artery thrombosis accompanying 
coronavirus disease 2019 (COVID-19). The authors postulated that splanchnic 
thrombosis should be on the list of differential diagnoses in a patient presenting 
with abdominal pain in presence of a COVID-19 infection. The tendency for 
venous and arterial thrombosis in COVID-19 patients is encountered, largely 
attributed to hypercoagulopathy. In general, venous thromboembolism mostly 
manifest as deep vein thrombosis (DVT), pulmonary embolism (PE) or catheter-
related thromboembolic events. Acute PE, DVT, cerebrovascular events and 
myocardial infarction are seen as the most common thromboembolic complic-
ations in COVID-19 patients. COVID-19-associated hemostatic abnormalities 
include mild thrombocytopenia and increased D-dimer level. Similar to other 
coagulopathies, the treatment of the underlying condition is the mainstay. 
Addition of antiplatelet agents can be considered in critically ill patients at low 
bleeding risk, not on therapeutic anticoagulation, and receiving gastric acid 
suppression Early administration of antithrombotic drugs will have a beneficial 
effect in both the prevention and treatment of thrombotic events, especially in 
non-ambulatory patients. Low molecular weight heparin (LMWH) should be 
started if there is no contraindication, including in non-critical patients who are at 
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risk of hospitalization LMWH (enoxaparin) is preferred to standard heparin.

Key Words: Prothrombotic state; Thrombotic events; COVID-19; Pandemic; Thromboembolism
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Core Tip: Venous thromboembolisms constitute a common complication of coronavirus disease 2019 (COVID-19) and 
mostly manifest as deep venous thromboses, pulmonary embolism, myocardial infarction or catheter-related 
thromboembolic events. On the other hand, portal vein and splenic artery thromboses are rarely encountered. Since the portal 
vein forms the confluence of the splenic and superior mesenteric veins, portal vein thrombosis may extend to the splenic or 
superior mesenteric veins. Prophylactic dose anticoagulation is associated with favorable efficacy and safety in those with 
COVID-19, including portal vein and splenic artery thromboses.

Citation: Karcioglu O, Akman C, Ozturk GA. Prothrombotic state and thrombotic events in COVID-19 pandemic period, including 
portal vein and splenic artery thromboses. World J Clin Cases 2024; 12(33): 6595-6603
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INTRODUCTION
This editorial article is intended to perform a discussion on the manuscript entitled “Simultaneous portal vein thrombosis 
and splenic vein thrombosis in a COVID-19 patient: A case report and review of literature” written by Abramowitz et al
[1]. The article focuses on the diagnostic processes in a 77-year-old-male patient with a simultaneous portal vein and 
splenic artery thrombosis accompanying coronavirus disease 2019 (COVID-19). The authors also pointed out that 
numerous disorders involving coagulation system can trigger such unusual thrombotic manifestations which are mostly 
attributed to hypercoagulable states. Emergent abdominal imaging has been emphasized to detect and treat thrombus 
and related problems expediently. They postulated that splanchnic thrombosis should be on the list of differential 
diagnoses in a patient presenting with abdominal pain in presence of a COVID-19 infection.

COVID-19 has caused serious illness and death all over the world. Although the illness primarily causes serious 
respiratory diseases, there is an increased risk of thromboembolic events. Patients with COVID-19 are increasingly being 
recognized as being at risk of developing prothrombotic complications such as acute mesenteric ischemia and portal vein 
thrombosis (PVT). Both bleeding and thrombosis can result in significant morbidity in COVID-19. The entity paves the 
way to arterial thromboembolic events (i.e., stroke and/or extremity ischemia) as well as small vessel thrombosis, which 
are frequently encountered at autopsy in the pulmonary vessels.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) affected the world population via a global pandemic, 
and many people lost their lives. COVID-19 is a disease that begins with symptoms of fever, cough, and shortness of 
breath, and progresses to a severe infection in which systemic inflammatory response (Systemic Inflammatory Response 
Syndrome), acute respiratory disease syndrome, and multiple organ failure ensue with a high rate of death and disability
[2].

Thrombotic events are triggered by COVID-19 infection via various mechanisms including platelet activation, 
activation of the coagulation cascade, the formation of neutrophil extracellular traps (NETs) and inflammaton pathways 
also known as “cytokine storm”[3]. NETs are described as a web-like material structured from DNA and various proteins 
resulting in a pathological process called “NETosis”[4]. These structures have pro-inflammatory properties, interfering in 
the pathogenesis of inflammatory processes, including atherogenesis, arterial and venous thrombosis[5]. NETs enhance 
the production of cytokines, as well as the pro-coagulant and pro-thrombotic status[6,7]. Cytokine storm activate the 
coagulation cascade, while coagulation factors can act as triggers of the cytokine storm[8-10]. The development of 
thrombi which plays critical role in the pathogenesis of multi-organ injury follows overproduction of inflammatory 
cytokines[9,10]. Figure 1 illustrates the pathological and prothrombotic mechanisms of the COVID-19 infection.

Coagulopathy and disseminated intravascular coagulation (DIC) are the most important causes of mortality in COVID-
19 patients. Research showed that the risk of venous and arterial thromboembolism is associated with coagulation 
disorders. Patients are generally prone to excessive inflammation, embolization, hypoxia, DIC, and both venous and 
arterial thromboembolic events. COVID-19-associated coagulopathy affects many organs, including the lungs, brain, 
heart and extremities. Development of thrombi, especially in small pulmonary vessels, causes acute severe acute 
respiratory syndrome, resulting in death. Of note, there are studies which reported a low risk of venous and arterial 
thrombi in ambulatory and post-discharge COVID-19 patients, with a higher risk in post-discharge patients compared 
with ambulatory patients [11].

Acute pulmonary embolism (PE), deep vein thrombosis (DVT), cerebrovascular events and myocardial infarction (MI) 
are seen as the most common thromboembolic complications in COVID-19 patients[12,13]. Acute mesenteric ischemia is a 
life-threatening abdominal emergency accompanied by poor clinical outcomes[14]. Bowel wall abnormalities were 
detected in around one-third of abdominal computed tomography images, including pneumatosis and portal venous gas. 
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Figure 1 Schematisation of the pathological and prothrombotic mechanisms and pathways of the severe acute respiratory syndrome 
coronavirus 2 infection. A: Severe acute respiratory syndrome coronavirus 2 infection leads to endothelial and hemostatic activation with the release of 
inflammatory mediators, increase of Von Willebrand factor and tissue factor. Patients with severe infection has more remarkable inflammatory response, lymphopenia 
and thrombocytopenia. Liver injury, impaired coagulation and decreased antithrombin formation are observed; B: Coronavirus disease 2019 is known to trigger 
hemostatic irregularity and release of cardiac troponins into bloodstream; C: Disseminated intravascular coagulation is observed in cases of increased prothrombotic 
state, venous thromboembolism, myocardial infarction, hemostatic irregularity. CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; DIC: 
Disseminated intravascular coagulation; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

Intestinal ischemia was diagnosed in some of these patients, which was attributed to thrombotic diseases of small vessels
[15].

Cytokine storm and endothelial dysfunction ensued in the course of COVID-19 have been accused of causing 
significant venous thromboembolisms (VTE). Increased levels of D-dimer and fibrin degradation products are linked to 
high rates of adverse consequences[16]. Of note, COVID-19 patients have also increased levels of lupus anticoagulants. 
The macrophage activation syndrome, the complement cascade, and the renin-angiotensin system are also blamed in 
these pathophysiological mechanisms[17].

Pro-inflammatory cytokine release is associated with endothelial dysfunction and activation of coagulation pathways, 
which is reflected by elevated D-dimer levels and impaired coagulation markers. Thrombosis result in tissue ischemia 
combined with endothelial damage which lead to microthrombi, macrothrombi and thromboembolic events. If 
thrombosis develops in different organ systems as a result of excessive immune activation, multiorgan failure may ensue.

PVT is known to encompass blockade of the portal vein by a thrombus. Thrombosis can develop in the main body of 
the portal vein or its intrahepatic branches[18]. Since the portal vein forms the confluence of the splenic and superior 
mesenteric veins, PVT may extend to the splenic or superior mesenteric veins. In most cases, the entity is associated with 
liver failure, although it can ensue without a liver disease like malignancy, abdominal sepsis, or pancreatitis. PVT occurs 
in two groups of patients: Those with chronic hepatic failure and patients with prothrombotic disorders. The liver 
functions are mostly around expected levels in the latter group. complication of PVT include portal hypertension, 
ischemic bowel disease, septic PVT, and portal cholangiopathy[18,19].

In those with PVT, anticoagulation is necessary in case of impending intestinal ischemia, hepatic failure awaiting liver 
transplantation, and a compensated liver disease with a new diagnosis of acute PVT or PVT with asymptomatic 
mesenteric venous occlusion. Enoxaparin is preferable, which has not any important side effects or hemorrhagic events in 
cirrhotic patients.

SARS-CoV-2 is a single-stranded RNA coronavirus. It enters human cells by binding to ACE-2, which is activated 
mainly in lung alveoli, cardiac myocytes, vascular endothelium and other cells[2,20,21]. Depending on the type of surface, 
the virus can survive for up to 24-72 hours and paves the way for the transmission of infections[22]. Some mechanisms of 
coagulopathy that may predispose to thrombotic events are given below.

During the process of DIC, hyper-coagulopathy occurs as a result of endothelial cell dysfunction, overproduction of 
thrombin, and inhibition of fibrinolysis.
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MARKERS OF COVID-19, HEMOSTASIS, MYOCARDIAL INJURY AND THROMBOTIC DISEASE
COVID-19-associated hemostatic abnormalities include mild thrombocytopenia and increased D-dimer level. These 
parameters are concurrent with the increased risk of mechanical ventilation, intensive care unit (ICU) admission, and 
death[23,24]. D-dimer elevation more than 2 times constitutes a risk factor for VTE. It is recommended that anticoagulant 
prophylaxis last more than 45 days. The severity of the disease is related to prothrombin time (PT), international 
normalized ratio (INR) prolongation, thrombin time prolongation, and active partial thromboplastin time test (aPTT) 
shortening (Figure 2)[2,25-27].

High troponin level has been associated with poor outcome in COVID-19. Nonspecific myocardial ischemia includes 
troponin elevation due to renal dysfunction, myocarditis, PE, and MI. It is important to consider the clinical picture in the 
evaluation of thrombotic events such as PE[28,29].

Ultrasonography, echocardiography (ECHO), pulmonary angiography and tomography can be used to evaluate 
cardiopulmonary and circulatory thrombotic events. Right ventricular dysfunction is valuable for PE. Right ventricular 
functions, wall motions, and clot can be examined in ECHO[30].

CLINICAL CHARACTERISTICS AND COURSE
The tendency for venous and arterial thrombosis in COVID-19 patients is encountered, largely attributed to hyper-
coagulopathy. In general, VTEs mostly manifest as DVTs, PE or catheter-related thromboembolic events. Thrombosis can 
occur in various sites, including the deep veins of the lower extremity (femoral, iliac, and popliteal veins), upper 
extremity, veins and more rarely, the superior vena cava, jugular vein, cerebral venous sinus, cavernous sinus, and retinal 
vein[17].

COVID-19 paves the way for thromboembolic complications even in the post-treatment period. It has been observed 
that the increased risk of VTE in patients with COVID-19 continues for a longer period of time (around two months). 
Pharmacological prophylaxis of VTE is recommended if the patient is elderly, has comorbid diseases (obesity, 
cardiovascular disease, hypertension, diabetes), has a history of VTE, and is hospitalized in the ICU, unless there are 
contraindications.

Due to the risk of severe thromboinflammation, and consequent DIC, anticoagulation in prophylactic dose is associated 
with favorable efficacy and safety in COVID-19 patients. A recent Cochrane analysis revealed that prophylactic antico-
agulants may result in little or no difference in risk of VTE, hospitalisation, or adverse events when compared with 
antiplatelet agents (low-certainty evidence)[31]. Authors emphasized that for there were only short-term data from one 
study, these results should be interpreted with caution.

Low molecular weight heparins (LMWH) are preferred treatments over parenteral anticoagulation [unfractionated 
heparin (UFH)] due to need for frequent blood tests to monitor the achievement of therapeutic levels of aPTT. 
Advantages of direct oral anticoagulants (DOAC) include no need for monitoring, easy discharge planning, and 
outpatient management. In brief, LMWH and DOACs are the preferred agents[30]. Late cardiovascular events and all-
cause mortality were high in the year following hospitalization for COVID-19. A retrospective follow-up study reported 
that administration of prophylactic DOAC or dipyridamole in the early post-discharge period improved long-term (393 ± 
87 days) cardiovascular outcomes and all-cause mortality in patients with COVID-19[32].

Coronary artery and vascular diseases
High troponin levels and MI are observed due to the increased risk of thrombosis due to pathogenesis of COVID-19 
pneumonia. The importance of risk classification (very high, high, moderate, low) in non-ST-elevation MI is given in the 
European Cardiology Heart Society COVID-19 guideline[33]. If the patient does not have elevated troponin levels and is 
clinically stable [i.e., no electrocardiogram (ECG) changes, no chest discomfort], conservative treatment is recommended, 
whereas invasive intervention is among the recommendations in the high-risk group, should complaints continue despite 
medical treatment. Considering the time to obtain a COVID test and its result will take long, all patients are considered to 
be COVID-19 (+) in ST-elevation MI (STEMI), the diagnosis-reperfusion time should not exceed 120 minutes. 
Thrombolytic therapy should be considered in centers where there is no coronary catheterization laboratory[30].

There is scarce data regarding acute limb ischemia (ALI) as a complication related to thrombogenesis. A study 
conducted in Italy stated that ALI incidences increased during the COVID-19 pandemic period. While most of the ALI 
occurs in the lower extremity, it is also seen in the upper extremity. Amputation has been needed in these cases despite 
anticoagulant treatment[34-36].

A 6% increase in the incidence of acute ischemic stroke has been reported in those with COVID-19 infection. In 
addition to advanced age and comorbid diseases, the progression of acute severe respiratory failure, multiple organ 
failure, coagulopathy, DIC or cardiac involvement are blamed for this situation and for the increased risk of stroke. It 
should be noted that the SARS-CoV-2 virus is known to be an agent with neurotropic potential. Authors of multicenter 
studies indicated that severity of COVID-19 is associated with an increased risk of acute stroke[37]. There is a potential 
for both hemorrhagic and ischemic stroke due to coagulopathy.

As the clinical severity of the COVID-19 infection increases, the symptoms of the neurological condition worsen as 
well. In case of doubt, diffusion magnetic resonance imaging should be elicited. Recombinant tissue-type plasminogen 
activator should be administered intravenously if the indication for administration is verified.

COVID-19 may pave the way for the DIC, which leads to a high death toll. Supportive care, addressing the underlying 
hypoxic condition, and evaluation for co-infection are important. Diagnosis can be established by calculating the score 
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Figure 2 Coagulopathy in coronavirus disease 2019 patients. D-D: D-dimer; DIC: Disseminated intravascular coagulation; FIB: Fibrinogen; PLT: Platelet; 
PT: Prothrombin time; COVID-19: Coronavirus disease 2019.

from the guide of the International Society on Thrombosis and Haemostasis (ISTH; Table 1)[38].
Bacterial superinfections should be treated aggressively. LMWHs prevent VTE and can change the course of DIC by 

reducing thrombin formation. Long-term antiplatelet therapy should often be discontinued in DIC patients unless agents 
are definitely required (recent acute coronary syndrome or stent implantation). Antiplatelet therapy should be individu-
alized in DIC patients. Healing process in DIC depends on endogenous fibrinolysis, which breaks down the thrombus. 
Blood product support should be considered based on septic coagulopathy occurring in bleeding in DIC in those with 
COVID-19. In patients with DIC, it is recommended to administer platelet suspension when the platelet count is < 50 × 
109/L, PT/PTT prolongation, fresh frozen plasma if INR > 1.8, and fibrinogen concentrate or cryoprecipitate when the 
fibrinogen level is < 1.5 g/L.

MANAGEMENT
Similar to other coagulopathies, the treatment of the underlying condition is the mainstay. In patients with COVID-19 
infection, coagulopathy occurs on approximately day 7. Markers indicating coagulopathy (platelet, PT, aPTT, fibrinogen, 
D-dimer) should be monitored. The American Society of Chest Physicians recommends that patients who developed VTE 
in the setting of COVID-19 should be anticoagulated for 3 to 6 months[39].

LMWH should be started if there is no contraindication, including in non-critical patients who are at risk of hospital-
ization. The recommended treatment for prophylaxis is LMWH (enoxaparin) that is preferred to standard heparin. 
LMWH causes thrombocytopenia less frequently. Oral anticoagulants are not routinely recommended for prophylaxis. 
LMWHs can be administered intravenously or subcutaneously. When evaluated in terms of drug interactions, they have 
a lower side effect potential than oral anticoagulants. LMWHs have shorter half-lives[30]. The use of fondaparinux is 
recommended in case of heparin-induced thrombocytopenia.

Should the patient be admitted to hospital due to an acute thrombotic event in the setting of COVID-19, the use of 
heparins (LMWH or UFH) should be preferred over a DOAC, with weight-based therapeutic-dose LMWH at twice daily 
dosing as the preferred agent. For obese patients, the use of weight-adjusted LMWH is recommended. For patients on IV 
UFH, weight-adjusted and nomogram-based monitoring with anti-Xa levels should be preferred over APTT monitoring
[40].

A novel predictive model based on one dimensional convolutional neural networks (1D CNN) was designed to use 
clinical variables in predicting the survival outcome of COVID-19 patients. The authors of this 1D CNN disclosed that 
heparin treatment significantly influenced the survival outcome[41].

ISTH COVID-19 Antithrombotic Guidelines do not recommend antiplatelet therapy added routinely in critically ill 
COVID-19 patients[38]. Nonetheless, addition of antiplatelet agents can be considered in critically ill patients at low 
bleeding risk, not on therapeutic anticoagulation, and receiving gastric acid suppression[40]. This regimen may include 
low-dose aspirin or a P2Y12 inhibitor besides standard low-dose heparin prophylaxis, unless the patient has to receive 
therapeutic anticoagulation. Low-dose aspirin, clopidogrel and other P2Y12 inhibitors were compared with each other in 
the REMAP-CAP study in critically ill COVID-19 patients as add-on therapies and disclosed no benefit in improving 
survival. On the other hand, a significant improvement was reported in the secondary outcome of all-cause mortality 
until discharge[42].

Dipyridamole
Dipyridamole has been approved for use to prevent stroke, among other indications as an antiplatelet drug, which may 
help improve the clinical outcomes of COVID-19 treatment[43]. Dipyridamole has been suggested to have beneficial 
effects in the treatment of NETs-evoked digital ischemia[44]. It is generally safe, affordable, and available worldwide. 75 
mg twice a day oral administration can be used for its antiplatelet and anti-inflammatory effects, as it reduces the 
replication of the SARS-CoV-2 virus and antiviral load, in the early stages of the disease / inflammation period. Research 
disclosed that it is recommended for the first 14 days and may cause hypotension.

Aspirin
All intracellular thrombotic pathways which are essential for viral replication, and resultant inflammatory responses, 
hypercoagulability, and platelet activation are affected by aspirin treatment. In this way, aspirin is a useful adjunctive 
treatment of COVID-19. Moreover, Tantry et al[45] cited that inhaled formulation with its rapid effects may enhance 
direct delivery to the lung, which is the key organ damaged in COVID-19 during the critical initial course of the disease, 
whereas the 150-325 mg/day can be used for long-term treatment to prevent thrombotic event occurrences.
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Table 1 International Society on Thrombosis and Haemostasis criteria (> 5 points is indicative of disseminated intravascular 
coagulation)

Variable Values Points

> 100 0

50-100 1

Platelets (× 109/L)

< 50 2

None 0

Moderate increase 2

D-dimer/fibrin degradation products 

Severe increase 3

< 3 seconds 0

3-6 seconds 1

PT

> 6 seconds 2

> 1 0Fibrinogen (g/L)

< 1 1

PT: Prothrombin time.

Administration of 100 mg aspirin in COVID-19 patients reduces the lung-damaging effect of the disease, but there is 
scarcity of research data. There are reports that patients with multisystem inflammatory syndrome in children (MIS-C) 
and cardiac involvement associated with COVID-19 benefited from aspirin treatment[46,47]. Medical management of 
MIS-C and cardiac sequelae have included supportive care, intravenous immunoglobulins, and corticosteroids, as well as 
immunomodulators, monoclonal antibodies, aspirin, and therapeutic anticoagulation, which have prevented serious 
outcomes in the majority of pediatric patients[48]. In a cohort study of adult patients with COVID-19, aspirin use at least 7 
days before hospitalization or within 24 hours of hospitalization was associated with lower rates of mechanical 
ventilation (36% vs 48%) and ICU admission (39% vs 51%)[49].

Thrombolytic therapy
It is given in cases of STEMI on ECG, acute ischemic stroke, and massive PE leading to hemodynamic compromise 
(systolic blood pressure < 90 mmHg or obstructive shock findings).

Mechanical prophylaxis
In cases where pharmacological prophylaxis is not appropriate, intermittent pneumatic compression devices or 
compression stockings can be used. It can also be applied as an adjunct to treatment in patients with limited mobility[30].

CONCLUSION
COVID-19 infection can lead to serious conditions. Growing awareness of the medical community on the prothrombotic 
effect in COVID-19 stimulates more comprehensive diagnostic studies for thrombotic complications. Early administration 
of antithrombotic drugs will have a beneficial effect in both the prevention and treatment of thrombotic events, especially 
in non-ambulatory patients. Prophylactic dose anticoagulation is associated with good efficacy and safety in those with 
COVID-19, including portal vein and splenic artery thromboses.

FOOTNOTES
Author contributions: Karcioglu O and Akman C contribute equally to this study as co-first authors. Karcioglu O, Akman C, and Ozturk 
GA designed the research study; Karcioglu O, Akman C, and Ozturk GA contributed to original draft preparation, and data curation; 
Karcioglu O, Akman C, and Ozturk GA analyzed the data and wrote the manuscript; all authors have read and approved the final 
manuscript.

Conflict-of-interest statement: Author(s) certify that there is no conflict of interest related to the manuscript. If any potential conflict-of-
interest exists, author(s) certify that it is fully disclosed.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 



Karcioglu O et al. Thrombotic events in COVID-19

WJCC https://www.wjgnet.com 6601 November 26, 2024 Volume 12 Issue 33

original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Türkiye

ORCID number: Ozgur Karcioglu 0000-0002-8814-6164; Canan Akman 0000-0002-3427-5649; Göksu Afacan Ozturk 0000-0002-2755-2660.

S-Editor: Lin C 
L-Editor: A 
P-Editor: Chen YX

REFERENCES
1 Abramowitz BR, Coles M, Aytaman A, Chander-Roland B, DiLeo DA. Simultaneous portal vein thrombosis and splenic vein thrombosis in a 

COVID-19 patient: A case report and review of literature. World J Clin Cases 2024; 12: 3561-3566 [PMID: 38983408 DOI: 
10.12998/wjcc.v12.i18.3561]

2 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu 
M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical features of patients infected with 2019 novel 
coronavirus in Wuhan, China. Lancet 2020; 395: 497-506 [PMID: 31986264 DOI: 10.1016/S0140-6736(20)30183-5]

3 Moschonas IC, Tselepis AD. SARS-CoV-2 infection and thrombotic complications: a narrative review. J Thromb Thrombolysis 2021; 52: 
111-123 [PMID: 33449290 DOI: 10.1007/s11239-020-02374-3]

4 Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, Weiss DS, Weinrauch Y, Zychlinsky A. Neutrophil extracellular traps kill 
bacteria. Science 2004; 303: 1532-1535 [PMID: 15001782 DOI: 10.1126/science.1092385]

5 Moschonas IC, Tselepis AD. The pathway of neutrophil extracellular traps towards atherosclerosis and thrombosis. Atherosclerosis 2019; 288: 
9-16 [PMID: 31280097 DOI: 10.1016/j.atherosclerosis.2019.06.919]

6 Zuo Y, Yalavarthi S, Shi H, Gockman K, Zuo M, Madison JA, Blair C, Weber A, Barnes BJ, Egeblad M, Woods RJ, Kanthi Y, Knight JS. 
Neutrophil extracellular traps in COVID-19. JCI Insight 2020; 5 [PMID: 32329756 DOI: 10.1172/jci.insight.138999]

7 Barnes BJ, Adrover JM, Baxter-Stoltzfus A, Borczuk A, Cools-Lartigue J, Crawford JM, Daßler-Plenker J, Guerci P, Huynh C, Knight JS, 
Loda M, Looney MR, McAllister F, Rayes R, Renaud S, Rousseau S, Salvatore S, Schwartz RE, Spicer JD, Yost CC, Weber A, Zuo Y, 
Egeblad M. Targeting potential drivers of COVID-19: Neutrophil extracellular traps. J Exp Med 2020; 217 [PMID: 32302401 DOI: 
10.1084/jem.20200652]

8 Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. N Engl J Med 2020; 383: 2451-2460 [PMID: 32412710 DOI: 
10.1056/NEJMcp2009575]

9 Jose RJ, Manuel A. COVID-19 cytokine storm: the interplay between inflammation and coagulation. Lancet Respir Med 2020; 8: e46-e47 
[PMID: 32353251 DOI: 10.1016/S2213-2600(20)30216-2]

10 Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ; HLH Across Speciality Collaboration, UK. COVID-19: consider 
cytokine storm syndromes and immunosuppression. Lancet 2020; 395: 1033-1034 [PMID: 32192578 DOI: 10.1016/S0140-6736(20)30628-0]

11 Mansory EM, Abu-Farhaneh M, Iansavitchene A, Lazo-Langner A. Venous and Arterial Thrombosis in Ambulatory and Discharged COVID-
19 Patients: A Systematic Review and Meta-analysis. TH Open 2022; 6: e276-e282 [PMID: 36299810 DOI: 10.1055/a-1913-4377]

12 Seo JW, Kim DY, Yun N, Kim DM. Coronavirus Disease 2019-Associated Coagulopathy. Microorganisms 2022; 10 [PMID: 36013974 DOI: 
10.3390/microorganisms10081556]

13 Cannegieter SC, Klok FA. COVID-19 associated coagulopathy and thromboembolic disease: Commentary on an interim expert guidance. Res 
Pract Thromb Haemost 2020; 4: 439-445 [PMID: 32542209 DOI: 10.1002/rth2.12350]

14 Parry AH, Wani AH, Yaseen M. Acute Mesenteric Ischemia in Severe Coronavirus-19 (COVID-19): Possible Mechanisms and Diagnostic 
Pathway. Acad Radiol 2020; 27: 1190 [PMID: 32475635 DOI: 10.1016/j.acra.2020.05.016]

15 Mitsuyama K, Tsuruta K, Takedatsu H, Yoshioka S, Morita M, Niwa M, Matsumoto S. Clinical Features and Pathogenic Mechanisms of 
Gastrointestinal Injury in COVID-19. J Clin Med 2020; 9 [PMID: 33187280 DOI: 10.3390/jcm9113630]

16 Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Driggin E, Nigoghossian C, Ageno W, Madjid M, Guo Y, Tang LV, Hu Y, Giri J, 
Cushman M, Quéré I, Dimakakos EP, Gibson CM, Lippi G, Favaloro EJ, Fareed J, Caprini JA, Tafur AJ, Burton JR, Francese DP, Wang EY, 
Falanga A, McLintock C, Hunt BJ, Spyropoulos AC, Barnes GD, Eikelboom JW, Weinberg I, Schulman S, Carrier M, Piazza G, Beckman JA, 
Steg PG, Stone GW, Rosenkranz S, Goldhaber SZ, Parikh SA, Monreal M, Krumholz HM, Konstantinides SV, Weitz JI, Lip GYH; Global 
COVID-19 Thrombosis Collaborative Group, Endorsed by the ISTH, NATF, ESVM, and the IUA, Supported by the ESC Working Group on 
Pulmonary Circulation and Right Ventricular Function. COVID-19 and Thrombotic or Thromboembolic Disease: Implications for Prevention, 
Antithrombotic Therapy, and Follow-Up: JACC State-of-the-Art Review. J Am Coll Cardiol 2020; 75: 2950-2973 [PMID: 32311448 DOI: 
10.1016/j.jacc.2020.04.031]

17 Ashorobi D, Ameer MA, Fernandez R.   Thrombosis. 2024 Feb 12. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 
Jan- [PMID: 30860701]

18 Samant H, Asafo-Agyei KO, Kimyaghalam A, Garfield K.   Portal Vein Thrombosis. 2024 Apr 19. In: StatPearls [Internet]. Treasure Island 
(FL): StatPearls Publishing; 2024 Jan- [PMID: 30480933]

19 Gebreselassie A, Bukhari M, Awan A, Khashab M. Recurrent Biliary Obstruction Secondary to Portal Biliopathy and the Role of 
Cholangioscopy: A Case Report [corrected]. Cureus 2018; 10: e2046 [PMID: 29541567 DOI: 10.7759/cureus.2046]

20 Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. Structure, Function, and Antigenicity of the SARS-CoV-2 Spike 
Glycoprotein. Cell 2020; 181: 281-292.e6 [PMID: 32155444 DOI: 10.1016/j.cell.2020.02.058]

21 Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS. Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular 
mechanisms and potential therapeutic target. Intensive Care Med 2020; 46: 586-590 [PMID: 32125455 DOI: 10.1007/s00134-020-05985-9]
van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN, Tamin A, Harcourt JL, Thornburg NJ, Gerber SI, 
Lloyd-Smith JO, de Wit E, Munster VJ. Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N Engl J Med 2020; 

22

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-8814-6164
http://orcid.org/0000-0002-8814-6164
http://orcid.org/0000-0002-3427-5649
http://orcid.org/0000-0002-3427-5649
http://orcid.org/0000-0002-2755-2660
http://orcid.org/0000-0002-2755-2660
http://www.ncbi.nlm.nih.gov/pubmed/38983408
https://dx.doi.org/10.12998/wjcc.v12.i18.3561
http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/33449290
https://dx.doi.org/10.1007/s11239-020-02374-3
http://www.ncbi.nlm.nih.gov/pubmed/15001782
https://dx.doi.org/10.1126/science.1092385
http://www.ncbi.nlm.nih.gov/pubmed/31280097
https://dx.doi.org/10.1016/j.atherosclerosis.2019.06.919
http://www.ncbi.nlm.nih.gov/pubmed/32329756
https://dx.doi.org/10.1172/jci.insight.138999
http://www.ncbi.nlm.nih.gov/pubmed/32302401
https://dx.doi.org/10.1084/jem.20200652
http://www.ncbi.nlm.nih.gov/pubmed/32412710
https://dx.doi.org/10.1056/NEJMcp2009575
http://www.ncbi.nlm.nih.gov/pubmed/32353251
https://dx.doi.org/10.1016/S2213-2600(20)30216-2
http://www.ncbi.nlm.nih.gov/pubmed/32192578
https://dx.doi.org/10.1016/S0140-6736(20)30628-0
http://www.ncbi.nlm.nih.gov/pubmed/36299810
https://dx.doi.org/10.1055/a-1913-4377
http://www.ncbi.nlm.nih.gov/pubmed/36013974
https://dx.doi.org/10.3390/microorganisms10081556
http://www.ncbi.nlm.nih.gov/pubmed/32542209
https://dx.doi.org/10.1002/rth2.12350
http://www.ncbi.nlm.nih.gov/pubmed/32475635
https://dx.doi.org/10.1016/j.acra.2020.05.016
http://www.ncbi.nlm.nih.gov/pubmed/33187280
https://dx.doi.org/10.3390/jcm9113630
http://www.ncbi.nlm.nih.gov/pubmed/32311448
https://dx.doi.org/10.1016/j.jacc.2020.04.031
http://www.ncbi.nlm.nih.gov/pubmed/30860701
http://www.ncbi.nlm.nih.gov/pubmed/30480933
http://www.ncbi.nlm.nih.gov/pubmed/29541567
https://dx.doi.org/10.7759/cureus.2046
http://www.ncbi.nlm.nih.gov/pubmed/32155444
https://dx.doi.org/10.1016/j.cell.2020.02.058
http://www.ncbi.nlm.nih.gov/pubmed/32125455
https://dx.doi.org/10.1007/s00134-020-05985-9


Karcioglu O et al. Thrombotic events in COVID-19

WJCC https://www.wjgnet.com 6602 November 26, 2024 Volume 12 Issue 33

382: 1564-1567 [PMID: 32182409 DOI: 10.1056/NEJMc2004973]
23 Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated with severe coronavirus disease 2019 (COVID-19) infections: A meta-

analysis. Clin Chim Acta 2020; 506: 145-148 [PMID: 32178975 DOI: 10.1016/j.cca.2020.03.022]
24 Lippi G, Favaloro EJ. D-dimer is Associated with Severity of Coronavirus Disease 2019: A Pooled Analysis. Thromb Haemost 2020; 120: 

876-878 [PMID: 32246450 DOI: 10.1055/s-0040-1709650]
25 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, Guan L, Wei Y, Li H, Wu X, Xu J, Tu S, Zhang Y, Chen H, Cao 

B. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020; 
395: 1054-1062 [PMID: 32171076 DOI: 10.1016/S0140-6736(20)30566-3]

26 Gao Y, Li T, Han M, Li X, Wu D, Xu Y, Zhu Y, Liu Y, Wang X, Wang L. Diagnostic utility of clinical laboratory data determinations for 
patients with the severe COVID-19. J Med Virol 2020; 92: 791-796 [PMID: 32181911 DOI: 10.1002/jmv.25770]

27 Lippi G, Salvagno GL, Ippolito L, Franchini M, Favaloro EJ. Shortened activated partial thromboplastin time: causes and management. Blood 
Coagul Fibrinolysis 2010; 21: 459-463 [PMID: 20614573 DOI: 10.1097/mbc.0b013e328338dbe8]

28 Zimmermann FM, De Bruyne B, Pijls NH, Desai M, Oldroyd KG, Park SJ, Reardon MJ, Wendler O, Woo J, Yeung AC, Fearon WF. 
Rationale and design of the Fractional Flow Reserve versus Angiography for Multivessel Evaluation (FAME) 3 Trial: a comparison of 
fractional flow reserve-guided percutaneous coronary intervention and coronary artery bypass graft surgery in patients with multivessel 
coronary artery disease. Am Heart J 2015; 170: 619-626.e2 [PMID: 26386784 DOI: 10.1016/j.ahj.2015.06.024]

29 Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White HD; Executive Group on behalf of the Joint European Society of 
Cardiology (ESC)/American College of Cardiology (ACC)/American Heart Association (AHA)/World Heart Federation (WHF) Task Force for 
the Universal Definition of Myocardial Infarction. Fourth Universal Definition of Myocardial Infarction (2018). J Am Coll Cardiol 2018; 72: 
2231-2264 [PMID: 30153967 DOI: 10.1016/j.jacc.2018.08.1038]

30 Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19 and the cardiovascular system. Nat Rev Cardiol 2020; 17: 259-260 [PMID: 32139904 DOI: 
10.1038/s41569-020-0360-5]

31 Santos BC, Flumignan RL, Civile VT, Atallah ÁN, Nakano LC. Prophylactic anticoagulants for non-hospitalised people with COVID-19. 
Cochrane Database Syst Rev 2023; 8: CD015102 [PMID: 37591523 DOI: 10.1002/14651858.CD015102.pub2]

32 Motloch LJ, Jirak P, Mirna M, Fiedler L, Davtyan PA, Lakman IA, Gareeva DF, Tyurin AV, Gumerov RM, Matskeplishvili ST, Pavlov VN, 
Cai B, Kopp K, Topf A, Hoppe UC, Pistulli R, Zagidullin NS. Early antithrombotic post-discharge therapy using prophylactic DOAC or 
dipyridamole improves long-term survival and cardiovascular outcomes in hospitalized COVID-19 survivors. Front Cardiovasc Med 2022; 9: 
916156 [PMID: 35966512 DOI: 10.3389/fcvm.2022.916156]

33 Task Force for the management of COVID-19 of the European Society of Cardiology. ESC guidance for the diagnosis and management of 
cardiovascular disease during the COVID-19 pandemic: part 2-care pathways, treatment, and follow-up. Eur Heart J 2022; 43: 1059-1103 
[PMID: 34791154 DOI: 10.1093/eurheartj/ehab697]

34 Nespola M, Sirignano P, Fermani N, Battocchio C, Tosti F, Pranteda C, Taurino M. Treatment-Resistant Acute Upper Limb Ischemia in a 
Patient With Systemic Lupus Erythematous and Concomitant SARS-CoV-2 Infection: A Case Report. Ann Vasc Surg 2021; 76: 289-292 
[PMID: 34182111 DOI: 10.1016/j.avsg.2021.05.012]

35 Bellosta R, Luzzani L, Natalini G, Pegorer MA, Attisani L, Cossu LG, Ferrandina C, Fossati A, Conti E, Bush RL, Piffaretti G. Acute limb 
ischemia in patients with COVID-19 pneumonia. J Vasc Surg 2020; 72: 1864-1872 [PMID: 32360679 DOI: 10.1016/j.jvs.2020.04.483]

36 Topcu AC, Ozturk-Altunyurt G, Akman D, Batirel A, Demirhan R. Acute Limb Ischemia in Hospitalized COVID-19 Patients. Ann Vasc Surg 
2021; 74: 88-94 [PMID: 33819591 DOI: 10.1016/j.avsg.2021.03.003]

37 Siepmann T, Sedghi A, Simon E, Winzer S, Barlinn J, de With K, Mirow L, Wolz M, Gruenewald T, Schroettner P, von Bonin S, Pallesen LP, 
Rosengarten B, Schubert J, Lohmann T, Machetanz J, Spieth P, Koch T, Bornstein S, Reichmann H, Puetz V, Barlinn K. Increased risk of acute 
stroke among patients with severe COVID-19: a multicenter study and meta-analysis. Eur J Neurol 2021; 28: 238-247 [PMID: 32920964 DOI: 
10.1111/ene.14535]

38 Schulman S, Sholzberg M, Spyropoulos AC, Zarychanski R, Resnick HE, Bradbury CA, Broxmeyer L, Connors JM, Falanga A, Iba T, Kaatz 
S, Levy JH, Middeldorp S, Minichiello T, Ramacciotti E, Samama CM, Thachil J; International Society on Thrombosis and Haemostasis. ISTH 
guidelines for antithrombotic treatment in COVID-19. J Thromb Haemost 2022; 20: 2214-2225 [PMID: 35906716 DOI: 10.1111/jth.15808]

39 Delrue M, Stépanian A, Voicu S, Nassarmadji K, Sène D, Bonnin P, Kevorkian JP, Sellier PO, Molina JM, Neuwirth M, Vodovar D, Mouly S, 
Mebazaa A, Mégarbane B, Siguret V. No VTE Recurrence After 1-Year Follow-Up of Hospitalized Patients With COVID-19 and a VTE 
Event: A Prospective Study. Chest 2022; 162: 226-229 [PMID: 35398318 DOI: 10.1016/j.chest.2022.03.043]

40 Spyropoulos AC, Connors JM, Douketis JD, Goldin M, Hunt BJ, Kotila TR, Lopes RD, Schulman S; International Society on Thrombosis and 
Haemostasis. Good practice statements for antithrombotic therapy in the management of COVID-19: Guidance from the SSC of the ISTH. J 
Thromb Haemost 2022; 20: 2226-2236 [PMID: 35906715 DOI: 10.1111/jth.15809]

41 Chaddad A, Hassan L, Katib Y, Bouridane A. Deep Survival Analysis With Clinical Variables for COVID-19. IEEE J Transl Eng Health Med 
2023; 11: 223-231 [PMID: 36950264 DOI: 10.1109/JTEHM.2023.3256966]

42 REMAP-CAP Writing Committee for the REMAP-CAP Investigators, Bradbury CA, Lawler PR, Stanworth SJ, McVerry BJ, McQuilten 
Z, Higgins AM, Mouncey PR, Al-Beidh F, Rowan KM, Berry LR, Lorenzi E, Zarychanski R, Arabi YM, Annane D, Beane A, van Bentum-
Puijk W, Bhimani Z, Bihari S, Bonten MJM, Brunkhorst FM, Buzgau A, Buxton M, Carrier M, Cheng AC, Cove M, Detry MA, Estcourt LJ, 
Fitzgerald M, Girard TD, Goligher EC, Goossens H, Haniffa R, Hills T, Huang DT, Horvat CM, Hunt BJ, Ichihara N, Lamontagne F, Leavis 
HL, Linstrum KM, Litton E, Marshall JC, McAuley DF, McGlothlin A, McGuinness SP, Middeldorp S, Montgomery SK, Morpeth SC, Murthy 
S, Neal MD, Nichol AD, Parke RL, Parker JC, Reyes LF, Saito H, Santos MS, Saunders CT, Serpa-Neto A, Seymour CW, Shankar-Hari M, 
Singh V, Tolppa T, Turgeon AF, Turner AM, van de Veerdonk FL, Green C, Lewis RJ, Angus DC, McArthur CJ, Berry S, Derde LPG, Webb 
SA, Gordon AC. Effect of Antiplatelet Therapy on Survival and Organ Support-Free Days in Critically Ill Patients With COVID-19: A 
Randomized Clinical Trial. JAMA 2022; 327: 1247-1259 [PMID: 35315874 DOI: 10.1001/jama.2022.2910]

43 Aliter KF, Al-Horani RA. Potential Therapeutic Benefits of Dipyridamole in COVID-19 Patients. Curr Pharm Des 2021; 27: 866-875 [PMID: 
33001004 DOI: 10.2174/1381612826666201001125604]

44 Simka M. Is digital necrosis in COVID-19 caused by neutrophil extracellular traps: Potential therapeutic strategies. Med Hypotheses 2021; 
156: 110684 [PMID: 34583310 DOI: 10.1016/j.mehy.2021.110684]
Tantry US, Schror K, Navarese EP, Jeong YH, Kubica J, Bliden KP, Gurbel PA. Aspirin as an Adjunctive Pharmacologic Therapy Option for 
COVID-19: Anti-Inflammatory, Antithrombotic, and Antiviral Effects All in One Agent. J Exp Pharmacol 2021; 13: 957-970 [PMID: 

45

http://www.ncbi.nlm.nih.gov/pubmed/32182409
https://dx.doi.org/10.1056/NEJMc2004973
http://www.ncbi.nlm.nih.gov/pubmed/32178975
https://dx.doi.org/10.1016/j.cca.2020.03.022
http://www.ncbi.nlm.nih.gov/pubmed/32246450
https://dx.doi.org/10.1055/s-0040-1709650
http://www.ncbi.nlm.nih.gov/pubmed/32171076
https://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pubmed/32181911
https://dx.doi.org/10.1002/jmv.25770
http://www.ncbi.nlm.nih.gov/pubmed/20614573
https://dx.doi.org/10.1097/mbc.0b013e328338dbe8
http://www.ncbi.nlm.nih.gov/pubmed/26386784
https://dx.doi.org/10.1016/j.ahj.2015.06.024
http://www.ncbi.nlm.nih.gov/pubmed/30153967
https://dx.doi.org/10.1016/j.jacc.2018.08.1038
http://www.ncbi.nlm.nih.gov/pubmed/32139904
https://dx.doi.org/10.1038/s41569-020-0360-5
http://www.ncbi.nlm.nih.gov/pubmed/37591523
https://dx.doi.org/10.1002/14651858.CD015102.pub2
http://www.ncbi.nlm.nih.gov/pubmed/35966512
https://dx.doi.org/10.3389/fcvm.2022.916156
http://www.ncbi.nlm.nih.gov/pubmed/34791154
https://dx.doi.org/10.1093/eurheartj/ehab697
http://www.ncbi.nlm.nih.gov/pubmed/34182111
https://dx.doi.org/10.1016/j.avsg.2021.05.012
http://www.ncbi.nlm.nih.gov/pubmed/32360679
https://dx.doi.org/10.1016/j.jvs.2020.04.483
http://www.ncbi.nlm.nih.gov/pubmed/33819591
https://dx.doi.org/10.1016/j.avsg.2021.03.003
http://www.ncbi.nlm.nih.gov/pubmed/32920964
https://dx.doi.org/10.1111/ene.14535
http://www.ncbi.nlm.nih.gov/pubmed/35906716
https://dx.doi.org/10.1111/jth.15808
http://www.ncbi.nlm.nih.gov/pubmed/35398318
https://dx.doi.org/10.1016/j.chest.2022.03.043
http://www.ncbi.nlm.nih.gov/pubmed/35906715
https://dx.doi.org/10.1111/jth.15809
http://www.ncbi.nlm.nih.gov/pubmed/36950264
https://dx.doi.org/10.1109/JTEHM.2023.3256966
http://www.ncbi.nlm.nih.gov/pubmed/35315874
https://dx.doi.org/10.1001/jama.2022.2910
http://www.ncbi.nlm.nih.gov/pubmed/33001004
https://dx.doi.org/10.2174/1381612826666201001125604
http://www.ncbi.nlm.nih.gov/pubmed/34583310
https://dx.doi.org/10.1016/j.mehy.2021.110684


Karcioglu O et al. Thrombotic events in COVID-19

WJCC https://www.wjgnet.com 6603 November 26, 2024 Volume 12 Issue 33

34908882 DOI: 10.2147/JEP.S330776]
46 Tannoury TE, Bulbul ZR, Bitar FF. Cardiac manifestations and short-term outcomes of multisystem inflammatory syndrome in Middle 

Eastern children during the COVID-19 pandemic: a case series. Cardiol Young 2022; 32: 165-168 [PMID: 34134808 DOI: 
10.1017/S1047951121002614]

47 Zhang QY, Xu BW, Du JB. Similarities and differences between multiple inflammatory syndrome in children associated with COVID-19 and 
Kawasaki disease: clinical presentations, diagnosis, and treatment. World J Pediatr 2021; 17: 335-340 [PMID: 34013488 DOI: 
10.1007/s12519-021-00435-y]

48 Pandit M, Frishman WH. Multisystem Inflammatory Syndrome in Children during the COVID-19 Pandemic: A Review of Clinical 
Manifestations, Cardiac Complications and Medical Management. Cardiol Rev 2024 [PMID: 38169229 DOI: 
10.1097/CRD.0000000000000565]

49 Chow JH, Khanna AK, Kethireddy S, Yamane D, Levine A, Jackson AM, McCurdy MT, Tabatabai A, Kumar G, Park P, Benjenk I, Menaker 
J, Ahmed N, Glidewell E, Presutto E, Cain S, Haridasa N, Field W, Fowler JG, Trinh D, Johnson KN, Kaur A, Lee A, Sebastian K, Ulrich A, 
Peña S, Carpenter R, Sudhakar S, Uppal P, Fedeles BT, Sachs A, Dahbour L, Teeter W, Tanaka K, Galvagno SM, Herr DL, Scalea TM, 
Mazzeffi MA. Aspirin Use Is Associated With Decreased Mechanical Ventilation, Intensive Care Unit Admission, and In-Hospital Mortality in 
Hospitalized Patients With Coronavirus Disease 2019. Anesth Analg 2021; 132: 930-941 [PMID: 33093359 DOI: 
10.1213/ANE.0000000000005292]

http://www.ncbi.nlm.nih.gov/pubmed/34908882
https://dx.doi.org/10.2147/JEP.S330776
http://www.ncbi.nlm.nih.gov/pubmed/34134808
https://dx.doi.org/10.1017/S1047951121002614
http://www.ncbi.nlm.nih.gov/pubmed/34013488
https://dx.doi.org/10.1007/s12519-021-00435-y
http://www.ncbi.nlm.nih.gov/pubmed/38169229
https://dx.doi.org/10.1097/CRD.0000000000000565
http://www.ncbi.nlm.nih.gov/pubmed/33093359
https://dx.doi.org/10.1213/ANE.0000000000005292


WJCC https://www.wjgnet.com 6604 November 26, 2024 Volume 12 Issue 33

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2024 November 26; 12(33): 6604-6607

DOI: 10.12998/wjcc.v12.i33.6604 ISSN 2307-8960 (online)

EDITORIAL

Early screening to identify and diagnose primary nasal tuberculosis 
in patients with tumor necrosis factor inhibitors

Dan-Xiang Shen, Yu-Wei Wang, Zhi-Min Lin, Di Jin, Zhen-Hua Ying, Chen Li

Specialty type: 
Otorhinolaryngology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B 
Novelty: Grade A 
Creativity or Innovation: Grade A 
Scientific Significance: Grade A

P-Reviewer: Gravina AG

Received: June 4, 2024 
Revised: September 17, 2024 
Accepted: September 23, 2024 
Published online: November 26, 
2024 
Processing time: 114 Days and 19.2 
Hours

Dan-Xiang Shen, Department of Internal Medicine, Changxing Third People's Hospital, Huzhou 
313000, Zhejiang Province, China

Dan-Xiang Shen, Zhen-Hua Ying, Department of Rheumatology and Immunology, Jinzhou 
Medical University Graduate Training Base Zhejiang Provincial People's Hospital, Center for 
General Practice Medicine, Zhejiang Provincial People's Hospital, Hangzhou 310000, Zhejiang 
Province, China

Dan-Xiang Shen, Zhen-Hua Ying, Department of Rheumatology, Zhejiang Provincial Key 
Laboratory of Traditional Chinese Medicine Cultivation for Arthritis Diagnosis and Treatment, 
Hangzhou 310000, Zhejiang Province, China

Yu-Wei Wang, Department of Cardiology, Yidu Central Hospital of Weifang, Weifang 261000, 
Shandong Province, China

Zhi-Min Lin, Third Affiliated Hospital, Beijing University of Chinese Medicine, Beijing 100020, 
China

Di Jin, Department of Rheumatology, Weifang People's Hospital, Weifang 261000, Shandong 
Province, China

Chen Li, Department of Rheumatology, Fangshan Hospital, Beijing University of Chinese 
Medicine, Beijing 102400, China

Co-first authors: Dan-Xiang Shen and Yu-Wei Wang.

Co-corresponding authors: Zhen-Hua Ying and Chen Li.

Corresponding author: Chen Li, MD, Chief Doctor, Doctor, Staff Physician, Department of 
Rheumatology, Fangshan Hospital, Beijing University of Chinese Medicine, No. 151 
Chengguan South Street, Fangshan District, Beijing 102400, China. casio1981@163.com

Abstract
In this editorial, we comment on the article by Liu et al. Based on our analysis of a 
case report, we consider that early screening and recognition of primary nasal 
tuberculosis are crucial for patients undergoing treatment with tumor necrosis 
factor inhibitor (TNFi). While TNFi therapy increases the risk of reactivating 
latent tuberculosis, primary nasal tuberculosis remains rare due to the protective 
mechanisms of the nasal mucosa. Risk factors for primary nasal tuberculosis 
include minimally invasive nasal surgery, diabetes, and human immunodefi-
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ciency virus. Patients with early symptoms such as nasal congestion, rhinorrhea, altered olfaction, epistaxis, or 
ulceration, and unresponsive to conventional antibiotics and antihistamines should undergo early rhinoscopy, 
possibly followed by repeated tissue biopsies and acid-fast bacilli culture when necessary. When diagnosis is 
challenging, it is essential to consider local tuberculosis epidemiology and the efficacy of diagnostic anti-
tuberculosis treatment. The preferred method for tuberculosis screening is the Interferon Gamma Release Assay, 
with a general recommendation for screening at 3 and 6 months after initial treatment and then every six months. 
However, the optimal frequency is not yet consensus-driven and may be increased in economically viable settings.

Key Words: Tumor necrosis factor inhibitor; Interferon-gamma release assay; Primary nasal tuberculosis; Rhinoscopy; Diabetes 
mellitus

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients receiving tumor necrosis factor inhibitor therapy rarely develop primary nasal tuberculosis, with diabetes, 
human immunodeficiency virus, and minimally invasive nasal surgery being risk factors. Early nasal endoscopy and an 
appropriately increased frequency of interferon gamma release assay testing may aid in the early screening and identification 
of nasal tuberculosis.

Citation: Shen DX, Wang YW, Lin ZM, Jin D, Ying ZH, Li C. Early screening to identify and diagnose primary nasal tuberculosis in 
patients with tumor necrosis factor inhibitors. World J Clin Cases 2024; 12(33): 6604-6607
URL: https://www.wjgnet.com/2307-8960/full/v12/i33/6604.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i33.6604

INTRODUCTION
Tumor necrosis factor inhibitors (TNFi) have promising efficacy in refractory inflammatory bowel disease, rheumatoid 
arthritis, psoriasis, and ankylosing spondylitis, but inevitably have some adverse effects. Before starting TNFi therapy, 
infectious diseases, such as coronavirus disease 2019 (COVID-19), human immunodeficiency virus (HIV), hepatitis, and 
tuberculosis, are generally screened. Patients with psoriasis or inflammatory bowel disease undergoing TNFi treatment 
are not at an increased risk of developing severe COVID-19[1], and overall, COVID-19 vaccination is considered safe[2]. 
Notably, tumour necrosis factor alpha is an important cytokine for macrophage activation and is essential for host control 
of Mycobacterium tuberculosis (Mtb). However, TNFi can cause latent tuberculosis (TB) reactivation with an approximate 
2–8-fold risk[3], and the incidence of TB is 3–4-fold higher with adalimumab and infliximab than with etanercept[4]. Most 
cases are extrapulmonary tuberculosis; primary nasal TB is rare. This condition is related to the protective mechanisms of 
the nasal mucosa, including ciliary clearance, bactericidal activity of nasal secretions, mechanical filtration by nasal hairs, 
and intrinsic resistance to mycobacterial infections[5], leading to a delayed diagnosis or misdiagnosis. For patients with 
latent tuberculosis infection (LTBI) who require TNFi, prophylactic anti-TB treatment is administered first.

IDENTIFICATION AND DIAGNOSIS OF PRIMARY NASAL TB
Liu et al[6] reported the case of a 58-year-old man who presented with right-sided nasal congestion and bloody discharge 
for one month, with a medical history of psoriasis, three years of adalimumab therapy, and right-sided functional 
endoscopic sinus surgery. The patient was diagnosed with primary nasal TB due to seroconversion in the 3rd year of 
adalimumab treatment; thickening, inflammation, and crusting changes in the nasal mucosa seen on nasal endoscopy; 
chronic granulomatous changes seen on repeat biopsy of the lesion; and antacid bacilli detected by Ziehl-Neelsen 
staining. The lesion improved after anti-TB treatment was administered. This case reminds clinicians to be vigilant for the 
development of nasal TB when early nonspecific nasopharyngeal symptoms develop in patients using TNFi, and that 
regular screening can avoid delayed diagnosis. The current frequency of LTBI screening in patients with psoriasis treated 
with TNFi should be based on medical history, risk of exposure, tuberculin skin testing (TST), and interferon gamma 
release assay (IGRA) results[7], generally once every six months[8]. However, the study did not state the frequency of T-
SPOT TB tests, which could potentially delay the diagnosis of TB.

Primary nasal TB is more prevalent in females[7], and it is considered rare due to the protective mechanism of the nasal 
mucosa. To date, only two cases of primary nasal TB in patients treated with TNFi have been reported. Patients with 
primary nasal TB present with symptoms such as nasal congestion, nasal discharge, altered sense of smell, epistaxis, and 
ulceration; primarily unilateral[9] and conventional antibiotic and antihistamine therapy is ineffective. Early refinement 
of endoscopy is recommended as it can reveal sessile masses, crusts, scarring, and adhesions at the nasal septum and 
turbinates. In later stages, ulceration, septal perforation, and involvement of the sinuses and orbits may occur. A 
pathological biopsy of the nasal mass is necessary to visualize granulomatous inflammation, some of which lacks caseous 
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Table 1 Key characteristics of primary nasal tuberculosis induced by tumor necrosis factor inhibitor

Symptoms Risk factors Epidemiology Types of TNFi Treatment IGRA Nasal biopsy Tissue 
culture

Nasal congestion; 
Rhinorrhea; altered 
olfaction; Epistaxis; 
Ulcers, etc.

Diabetes; HIV; 
Minimally 
invasive nasal 
surgery

High tuberculosis 
prevalence areas

Adalimumab and 
infliximab increase 
TB risk 3-4 times 
more than etanercept

Ineffective conventional 
antibiotics and 
antihistamines; 
diagnostic anti-
tuberculosis effective

Negative 
to positive

Granulomatous 
inflammation with or 
without caseous 
changes

Positive 
for Mtb

TNFi: Tumor necrosis factor inhibitor; HIV: Human immunodeficiency virus; IGRA: Interferon gamma release assay.

changes. A repeat biopsy may help detect antacid bacilli. The diagnosis of primary nasal TB requires a combination of 
clinical presentation, seroconversion, Ziehl-Neelsen staining, and pathological biopsy. Positive Mtb culture results are 
considered the gold standard for diagnosis. However, the negative rate is high (50%–75%)[10], and conducting multiple 
cultures repeatedly can help increase the positivity rate. Additionally, when diagnosis is difficult, considering the local 
epidemiology of TB and the effectiveness of diagnostic anti-TB treatments is crucial[11]. Furthermore, differentiating this 
disease from other conditions such as midline granulomas (i.e., granulomatosis with polyangiitis, leprosy, sarcoidosis, 
subcutaneous phycomycosis, and granulomatous syphilis) or neoplastic disorders (natural killer T-cell lymphoma, 
carcinoma)[12] is critical.

Notably, TST often yields false-negative results in immunocompromised patients; therefore, IGRA is the preferred 
method for TB screening during TNFi treatment. In clinical practice, screenings 3 and 6 months after the initial dosing 
and every six months thereafter is generally recommended. However, there is still no consensus on these guidelines. The 
risk of TB induced by monoclonal antibodies is significantly higher than that induced by etanercept, and the frequency of 
monitoring should be increased when economically feasible. Minimally invasive nasal surgery and HIV are high-risk 
factors that can diminish local immunity in the nasal cavity. In addition, diabetes can worsen the natural progression of 
immune-mediated diseases treated with biological therapies, thereby increasing the risk of nasal TB. Consequently, an 
increase in screening frequency is required.

CONCLUSION
In summary, we believe that when patients receiving TNFi therapy exhibit nasopharyngeal symptoms, it is crucial to be 
vigilant for nasal TB. Early completion of rhinoscopy and an appropriately increased frequency of IGRA monitoring, in 
conjunction with some key characteristics (Table 1), may aid in the early detection and diagnosis of primary nasal TB. 
However, determining the optimal frequency of TB screening by considering the socioeconomic factors is also necessary.
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Abstract
IgG4-related sclerosing cholangitis (IgG4-SC) is an inflammatory disease that 
leads to bile duct stricture, characterized by the infiltration of IgG4-positive 
plasma cells into the bile duct wall, thickening of the bile duct wall, and narro-
wing of the lumen. The differential diagnosis of IgG4-SC mainly includes primary 
sclerosing cholangitis, cholangiocarcinoma, and pancreatic cancer. IgG4-SC is 
often associated with autoimmune pancreatitis and can be accurately diagnosed 
based on clinical diagnostic criteria. However, isolated IgG4-SC is difficult to 
distinguish from biliary tumors. Given the significant differences in biological 
behavior, treatment, and prognosis between these diseases, accurately identifying 
isolated IgG4-SC has very important clinical significance.

Key Words: Isolated IgG4-associated sclerosing cholangitis; Cholangiocarcinoma; Auto-
immune pancreatitis; IgG4-related diseases; Diagnosis and differential diagnosis
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Core Tip: Isolated IgG4-related sclerosing cholangitis (IgG4-SC) shares similar clinical 
manifestations to bile duct tumors, yet they differ significantly in biological behavior, 
treatment, and prognosis. Therefore, an accurate diagnosis of isolated IgG4-SC is 
crucial for the clinical management of patients. This article will delve into the key 
diagnostic points, difficulties, and challenges of isolated IgG4-SC to aid in better 
identifying and managing this disease.
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INTRODUCTION
IgG4-related sclerosing cholangitis (IgG4-SC) is a characteristic type of sclerosing cholangitis, featuring dense infiltration 
of IgG4-positive plasma cells and extensive fibrosis in the bile duct walls[1]. It is considered an immune-mediated inflam-
matory disease characterized by pancreaticobiliary inflammatory lesions, thickening of the bile duct wall, and extensive 
lymphocyte infiltration into the bile duct walls, leading to progressive narrowing and destruction of the bile ducts, along 
with elevated serum IgG4 levels[2].

This condition is a benign disease, and only a minority of patients who develop IgG4-SC will progress to liver cirrhosis 
or cholangiocarcinoma[3]. Currently, glucocorticoids are recommended as the first-line treatment for IgG4-SC[4], with a 
generally favorable prognosis for most patients. Early diagnosis and treatment of IgG4-SC remain crucial to prevent 
disease progression. Studies have shown that persistent inflammation leads to genomic instability and increases the risk 
of genetic mutations[5]. For instance, chronic inflammation drives the development of essential thrombocythemia 
through the activation of Janus kinase 2[6,7], further complicating the diagnosis of IgG4-SC. IgG4-SC is often associated 
with autoimmune pancreatitis (AIP) and is considered a biliary manifestation of IgG4-related disease (IgG4-RD)[2]. The 
clinical features of IgG4-SC include cholestatic manifestations such as jaundice and pruritus, however, these clinical 
presentations have poor specificity for diagnosing IgG4-SC. Therefore, the diagnosis of IgG4-SC is challenging, with a 
high risk of underdiagnosis or misdiagnosis. However, as time progresses and medical research delves deeper, corres-
ponding diagnostic criteria have gradually been established. Nevertheless, diagnosing IgG4-SC still poses challenges at 
present.

The HISORt criteria, encompassing histology, imaging, serology, other organ involvement, and response to therapy, 
are frequently used in the United States and Europe to diagnose IgG4-SC or IgG4-associated cholangitis[8,9]. In 2012, the 
Japan Biliary Association established clinical diagnostic criteria for IgG4-SC[10]. In 2019, clinical practice guidelines for 
IgG4-SC were published[11]. Additionally, in 2022, a Japanese group proposed new clinical diagnostic criteria based on 
revisions to the 2012 clinical diagnostic standards[4], to address the shortcomings of the 2012 diagnostic criteria and 
provide more detailed diagnoses. When IgG4-SC is associated with AIP or other IgG4-RD, the diagnosis is relatively 
straightforward. However, diagnosing special types of IgG4-SC, such as isolated IgG4-SC, remains challenging[12,13]. 
These patients are sometimes misdiagnosed with cholangiocarcinoma and undergo unnecessary surgical resection.

THE DIAGNOSTIC CHALLENGES OF ISOLATED IGG4-SC
Serum IgG4 Levels are one of the most important markers for diagnosing IgG4-RD. However, in isolated IgG4-SC, serum 
IgG4 may be negative or slightly elevated, primarily presenting as obstructive jaundice with IgG4-positive plasma cell 
infiltration and frequent bile duct wall thickening[12,14]. These patients are sometimes misdiagnosed with cholangiocar-
cinoma and undergo surgical resection. Many researchers recommend endoscopic biopsy and immunostaining of tissue 
samples to determine the presence of IgG4, as this can provide strong diagnostic evidence[15], and is important for ruling 
out cholangiocarcinoma. However, obtaining sufficiently large characteristic pathological samples of IgG4-SC through 
endoscopic biopsy is challenging[16], as the obtained specimens are usually small and cannot be used to fully observe the 
entire range of lymphoplasmacytic sclerosing cholangitis. Additionally, studies have found IgG4-positive cells in primary 
sclerosing cholangitis (PSC) and cholangiocarcinoma. This finding indicates that relying solely on the detection of IgG4-
positive cells as a specific diagnostic foundation may not be sufficient, as its specificity is highly controversial[17,18]. 
Therefore, the diagnosis of isolated IgG4-SC typically relies on imaging studies.

Ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI), endoscopic US (EUS), and 
intraductal US (IDUS) are used to assess bile duct abnormalities[19,20]. IgG4-SC associated inflammation most commonly 
affects the pancreaticobiliary segment, and is characterized by diffuse or segmental narrowing of the bile ducts with long 
segments of narrowing and upstream dilation[21]. Inflammation in IgG4-SC typically involves the entire thickness of the 
bile duct wall, particularly the submucosal and subserosal layers, with relatively less damage to the epithelial layer[22]. In 
contrast, PSC cholangiography usually shows band-like strictures, beaded or pruned tree appearance, and diverticulum-
like changes[23], and cholangiocarcinoma originates from the epithelial layer and is characterized by its invasive growth. 
Contrast-enhanced CT reveals that a hallmark of IgG4-SC is the uniform enhancement of the bile duct walls during the 
arterial phase, whereas in cholangiocarcinoma, the bile duct wall exhibits dual-layer enhancement. The smoothness of the 
inner lumen and outer layer are also characteristic of IgG4-SC[24,25]. Although differential diagnosis using CTs or MRIs 
poses certain challenges, an advantage lies in the ability to detect tumor invasion and extrabiliary metastatic lesions. US 
results are nonspecific and cannot differentiate IgG4-SC from PSC or cholangiocarcinoma[26]. EUS or IDUS offer higher 
resolution, with EUS also aiding in obtaining tissue samples[27,28]. IDUS can display the stratified structure of the bile 
duct wall with high resolution, showing characteristics including circular symmetric wall thickening, smooth inner and 
outer edges, and uniform internal echoes at the site of biliary strictures. Additionally, wall thickening in non-strictured 
areas is also characteristic of IgG4-SC[16,29,30], thus IDUS can relatively clearly reflect the pathological differences 
between IgG4-SC, PSC, and cholangiocarcinoma. After imaging examinations, two aspects should be evaluated: Charac-
teristic cholangiographic features and bile duct wall thickness[11]. Characteristic cholangiographic features may help 
differentiate IgG4-SC from PSC. Cholangiography is useful for the differential diagnosis of diffuse strictures. However, in 
cases with localized strictures, diagnosing based on cholangiographic features alone has certain limitations. Nevertheless, 
for cases with localized strictures, endoscopic biopsy through the Vater's papilla is essential to rule out cholangiocar-
cinoma, although the sensitivity for detecting malignant tumors (55%-72%) is relatively low[11].
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In patients with isolated IgG4-SC that are difficult to diagnose, a steroid trial may also be considered to assist in 
diagnosis. This involves assessing the resolution of findings on cholangiographic images obtained through CT/
endoscopic retrograde cholangiopancreatography (ERCP)/magnetic resonance cholangiopancreatography after adminis-
tering a steroid dose of 0.4-0.6 mg/kg for 1 or 2 weeks. If there is no improvement, a reevaluation is necessary to consider 
other possible diseases[11]. Before and after the commencement of steroid treatment, regular follow-ups are required to 
assess symptoms and signs, perform blood biochemical tests, measure IgG/IgG4 Levels, and conduct imaging studies. 
Additionally, attention must be paid to signs of relapse, the exclusion of malignant lesions, and the management of 
adverse reactions to steroids[11].

In recent years, research has discovered that Annexin A11 serves as an autoantigen in both IgG4-SC and AIP[31]. 
Additionally, Yukari Kato and colleagues reported a case of IgG4-SC diagnosed through the detection of antibodies 
against laminin 511-E8, despite normal serum IgG4 concentrations and no evidence of IgG4 plasma cell infiltration in the 
bile ducts[32]. A prospective study found that IgE levels can be utilized for diagnosing and predicting relapses in IgG4-
RD[33]. Furthermore, studies have identified potential biomarkers such as serum IFN-α[34], peripheral plasmablast 
counts in treatment-naive IgG4-RD patients[35], the ratio of peripheral CD19+CD24-CD38hi subset/CD19+ B cells in IgG4-
RD patient[36], and PD-1+ Tfh cell counts[37] for diagnosing and monitoring the activity of IgG4-SC. However, further 
research is needed to confirm whether these indicators can become new specific biomarkers for IgG4-SC.

CONCLUSION
As most IgG4-SC cases are associated with AIP, IgG4-SC can be accurately diagnosed based on clinical diagnostic criteria. 
However, the differential diagnosis of isolated IgG4-SC currently remains challenging, especially in distinguishing it 
from cholangiocarcinoma, PSC, and pancreatic cancer. Methods such as CT, MRI, ERCP, IDUS, bile duct biopsy, and 
duodenal papilla biopsy aid in the diagnosis and differential diagnosis of isolated IgG4-SC. When these examination 
results do not show typical changes or when steroid treatment is ineffective, reevaluation may be necessary, potentially 
including pathological examination or surgery. The use of serum biomarkers discovered in recent research studies can 
also be considered to assist in diagnosis. Therefore, improving the diagnostic level of IgG4-SC depends on further 
research into its etiology and pathogenesis.
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Abstract
The recent advancement in regional anesthesia (RA) has been largely attributed to 
ultrasound technology. However, the safety and efficiency of ultrasound-guided 
nerve blocks depend upon the skill and experience of the performer. Even with 
adequate training, experience, and knowledge, human-related limitations such as 
fatigue, failure to recognize the correct anatomical structure, and unintentional 
needle or probe movement can hinder the overall effectiveness of RA. The ama-
lgamation of artificial intelligence (AI) to RA practice has promised to override 
these human limitations. Machine learning, an integral part of AI can improve its 
performance through continuous learning and experience, like the human brain. It 
enables computers to recognize images and patterns specifically useful in 
anatomic structure identification during the performance of RA. AI can provide 
real-time guidance to clinicians by highlighting important anatomical structures 
on ultrasound images, and it can also assist in needle tracking and accurate depo-
sition of local anesthetics. The future of RA with AI integration appears promi-
sing, yet obstacles such as device malfunction, data privacy, regulatory barriers, 
and cost concerns can deter its clinical implementation. The current mini review 
deliberates the current application, future direction, and barrier to the application 
of AI in RA practice.

Key Words: Artificial intelligence; Regional anesthesia; Machine learning; Ultrasono-
graphy; Nerve block
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Core Tip: Proficiency in ultrasound-guided regional anesthesia (UGRA) demands an accurate interpretation of sono-anatomy 
and precise delivery of local anesthetics in the intended location by maneuvering a block needle. Integration of artificial 
intelligence (AI) can make the job of clinicians a lot easier by deciphering the correct anatomy and providing real-time 
needle guidance. It promises to improve the success of the UGRA procedures and reduce the complication rate by 
minimizing human error. Furthermore, AI can be a great tool in education and training. It can help the trainees to learn 
regional anesthesia techniques faster and more efficiently. Although the future looks promising, the full integration of AI in 
clinical practice needs user validation and ample data on clinical outcomes.

Citation: Swain BP, Nag DS, Anand R, Kumar H, Ganguly PK, Singh N. Current evidence on artificial intelligence in regional 
anesthesia. World J Clin Cases 2024; 12(33): 6613-6619
URL: https://www.wjgnet.com/2307-8960/full/v12/i33/6613.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i33.6613

INTRODUCTION
Before the advent of ultrasound in regional anesthesia (RA), peripheral nerve blocks (PNBs) were traditionally practiced 
with landmark-based techniques for anatomic guidance[1]. Ultrasound guidance has transformed the practice of RA, 
making it safer and more successful. With the ability to visualize nerves, muscle planes, blood vessels, and needles in real 
time, ultrasound-guided RA (UGRA) provides exceptional accuracy and precision[1]. However, mastering the skill of 
UGRA is not an easy feat. It requires extensive training, a deep understanding of sono-anatomy, and good hand-eye 
coordination. The learning curve can be steep, and trainees often struggle with ultrasound image acquisition and needle 
tracking[2]. These challenges are especially pronounced in cases involving obese patients, those with tissue edema, and 
deep-seated nerve plexuses[3]. Recent developments in echogenic needles and needle guidance systems have improved 
needle visibility[4]. Despite these advancements, there is still limited development in improving the quality of ultrasound 
images and their interpretation. With artificial intelligence (AI) integration, we can overcome these challenges and 
improve the safety and success of UGRA procedures.

AI is revolutionizing the medical field, providing clinicians with crucial support to deliver swift, effective treatment to 
their patients[5]. With AI technology, machines and computers can mimic human intelligence and problem-solving 
abilities, overcoming common human limitations such as fatigue and loss of attention. AI can interpret things that the 
human eye may struggle to decipher or take a long time to do so.

In RA, AI-guided solutions can play a critical role in enhancing the success rate of procedures and minimizing complic-
ations. AI can assist clinicians with ultrasound image interpretation by highlighting relevant anatomical structures and 
providing guidance in needle insertion, advancement, and injection of local anesthetics[6]. It can also facilitate the 
training of novice clinicians in UGRA techniques, allowing them to acquire the required skills quickly and efficiently, 
reducing the learning curve associated with the procedure[7].

The use of AI technology for ultrasound-guided PNBs and neuraxial blocks has enormous potential. Nonetheless, 
before implementing these AI models in clinical settings, they must undergo real-case scenario studies to ensure their 
validity, utility, and safety.

FUNDAMENTALS OF AI
AI technology is based on two fundamental concepts-machine learning (ML) and deep learning (DL). ML involves 
training computers to learn from data and algorithms, improving their performance over time. It requires exposure to 
training data and algorithms to identify patterns and improve decision-making. On the other hand, DL is a subset of ML 
that uses multi-layered neural networks, called deep neural networks, to perform complex decision-making. These 
networks are structured similarly to the human brain, enabling them to identify patterns and relationships, recognize 
phenomena, evaluate different possibilities, and make predictions and decisions. A convolutional neural network (CNN) 
is a type of DL algorithm that is particularly useful in tasks that involve recognizing and processing images. The 
architecture of CNN is based on the way the human brain processes visual information. By training on large amounts of 
data, CNN can learn to recognize patterns and features that are associated with specific objects or classes. This makes 
them especially valuable in the field of medical imaging, where CNN can help clinicians quickly and accurately identify 
abnormalities[8]. Although AI is revolutionizing healthcare, there are challenges to overcome before we realize its full 
potential. The availability of quality medical data in accordance with data security and privacy concerns would be critical 
to achieving the desired outcomes. Although AI-guided clinical therapy may appear evidence-based and realistic, 
hallucinations can create a false narrative necessitating human involvement for appropriate care delivery[8].

Scope of AI in ultrasound guided RA
Performing RA with the help of ultrasound guidance is a complex multitasking process that involves many steps. These 
steps include placing the ultrasound probe in the area of interest, acquiring the correct image, deciding where to insert 
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the needle, inserting the needle correctly, adjusting the ultrasound probe to see the needle tip, administering the drug, 
checking that the anesthetic is spreading correctly, monitoring for complications, and finally assessing the effectiveness of 
the block. To carry out these tasks, practitioners should have a solid understanding of anatomy and good hand-eye 
coordination. For novice practitioners and trainees, it can be overwhelming. AI can now assist or supervise all these steps 
using information from clinicians, patients, and procedures. Some of the current AI-assisted technologies used in UGRA 
are real-time anatomic guidance, target detection, and needle tracking[7].

AI-assisted real time anatomic guidance in UGRA
Ultrasound images are currently available in two dimensions (2D) and grayscale. Anatomical structures appear in 
varying shades of grey based on the tissue's echogenicity. Moreover, the human interpretation of the greyscale 
ultrasound images is nonintuitive and limited by experience. AI can overcome this challenge by highlighting the 
anatomical structures and providing a visual cue to the operator, making it easier to focus on the intended structure. One 
of the most common AI technologies used to process ultrasound images is segmentation, where color overlays of various 
sono-anatomical features are used to differentiate relevant anatomic structures[9-13]. Other less common methods 
include using bounding boxes around the intended structure, displaying expanding circular rings from the center of the 
nerve plexus, and putting name tags over the structure in question[14,15].

AI can also help the operator in getting the best ultrasound image of the intended structures during the ultrasound 
scanning phase of the PNBs. Some known methodologies include displaying successful scan indicators[13,16], specifying 
optimal vs non-optimal images[17], creating a three-dimensional (3D) model of the scanned image[18], and guidance in 
probe[10] manipulation to get the ideal image. AI solutions are also available for ultrasound-guided central neuraxial 
blocks that can significantly improve the first-pass success rate and reduce complications. Common techniques include 
identifying the vertebral level, outlining the distance from the skin to the posterior complex or epidural space, structure 
identification by segmentation or bounding boxes, and marking the optimal needle insertion point[19-22].

AI models for PNBs
Currently, there are few commercially available AI solutions for ultrasound guided PNBs. One of the most studied 
models is the “ScanNav Anatomy Peripheral Nerve Block” (manufactured by Intelligent Ultrasound, Cardiff, United 
Kingdom)[23]. It helps in image interpretation by providing a color overlay of key sono-anatomical structures in 10 
commonly performed PNBs (interscalene, supraclavicular, superior trunk, axillary, erector spinae, suprainguinal fascia-
iliaca, femoral, adductor canal, and popliteal nerve block). This technology uses CNN, an advanced DL based on U-Net 
architecture to delineate anatomical structures in real-time ultrasound. A database of 80000 ultrasound images is used by 
the algorithm as a reference for labeling the sono-anatomical structures in the view. The ScanNav technology has recently 
undergone many validation studies in clinical settings involving experts, non-experts, and trainees[6,9,11,24,25]. All the 
studies have concluded that ScanNav AI-based technologies have tremendous potential to help non-experts and experts 
in RA practice.

NerveBlox, manufactured by Smart Alfa Teknoloji San. Ve Tic. A.S. in Ankara, Turkey, is an AI-powered solution for 
PNBs similar to ScanNav. This device utilizes real-time ultrasound images and a CNN algorithm to label (color overlay) 
important anatomical landmarks like muscles, nerves, bones, and blood vessels. It supports 12 types of nerve blocks such 
as inter-scalene brachial plexus block, superficial cervical plexus block, supraclavicular brachial plexus block, infracla-
vicular brachial plexus block, axillary brachial plexus block, pectoralis nerve blocks, transversus abdominis plane block, 
erector spinae plane block, rectus sheath block, femoral nerve block, adductor canal block, and popliteal sciatic nerve 
block[26]. A few studies have validated Nerveblox AI software as a handy tool for real-time decision-making during 
PNBs procedures[13,15,16]. Both Nerveblox and ScanNav are external devices with a separate display screen that needs 
to be plugged into a compatible ultrasound machine to function.

Some of the other commercially available AI devices for PNBs are cNerve (GE Healthcare, Chicago, IL, United States)
[27], NerveTrack (Samsung, Suwon, South Korea)[28], and Smart Nerve (Mindray, Shenzhen, China)[29].

AI models for central neuraxial block
There are two AI systems available that can assist with central neuraxial block (CNB) procedures. One of these is Accuro, 
a handheld device manufactured by Rivanna Medical (Charlottesville, VA, United States)[30]. This device uses 
SpineNav3D AI-Based Spine Recognition technology to automatically detect bony landmarks and provide a real-time 3D 
view of the scan plane. It accurately determines the depth of the epidural space and offers real-time tracking of the needle
[30]. Studies have shown that Accuro can reduce the number of needle redirects and increase the chances of first-pass 
success[22,31-34]. The other AI-enabled software is uSINE, manufactured by HiCura Medical (Singapore). It is designed 
for automatic identification of spinal level and needle guidance during ultrasound guided CNBs[35]. USINE is an 
external device that must be connected to a compatible ultrasound machine. The software guides the operator in 
achieving an ideal ultrasound view. Once the desired view is obtained, the operator marks the skin puncture site and 
then performs the neuraxial procedure by introducing the needle through the marked site. However, real-time needle 
tracking is not available with this software. One study reported a 92% first attempt of dural puncture success during 
spinal anesthesia in 100 obstetric patients when uSINE was used to identify the surface landmark[36].

Role of AI in training
Mastering the safe performance of RA can be a challenging task for trainees due to the steep learning curve involved. 
However, the advent of AI-assisted technologies has paved the way for an easier and more efficient training process. 
With multiple AI-integrated devices available on the market, trainees can now easily overcome the difficulties they face 
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while learning RA. These devices can highlight key anatomical structures and reconstruct 3D anatomy from 2D 
ultrasound images, making it easier for trainees to visualize 3D anatomy. Augmented reality (AR) has revolutionized 
simulation-based training, enabling trainees to improve hand-eye coordination, positioning, and dexterity issues during 
needle manipulation[37,38]. Devices like Needle Trainer™, manufactured by Intelligent Ultrasound (Cardiff, United 
Kingdom), provide a non-invasive simulation of needle manipulation on a live participant using a retractable needle and 
a superimposed virtual image on the ultrasound scan[39,40]. The AR experience can be further enhanced by providing 
haptic feedback to the operator, which gives the feel of a real needle and tissue. The Regional Anesthesia Simulator and 
Assistant is another AI-based simulator that offers a virtual reality environment with haptic feedback for needle manipu-
lation in RA procedures[41]. With such advanced technology at their disposal, trainees can now learn RA more efficiently 
and safely, without compromising on patient safety.

Furthermore, real-time feedback during training can significantly improve the learning process of RA. Recently, eye-
tracking technology has been studied in UGRA to assess visual attention to relevant anatomical structures and decision-
making between experts and novices[42,43]. The study found that experts tend to focus more on clinically relevant sono-
anatomical features while novices struggle to do so. By integrating AI with eye-tracking technology, trainees can be 
reminded to focus during live procedures, which can accelerate their learning process. Similarly, a study was conducted 
on hand motion analysis during the performance of UGRA by both experts and trainees. The imperial college surgical 
assessment device, which is a validated measure of hand movement during surgical training, was used to monitor hand 
movement during the scanning and needling phases of UGRA. The study concluded that experts performed significantly 
better than the trainees[44]. A recent study used Onvision needle tip tracking technology (B Braun Melsungen AG, 
Melsungen, Germany) to analyze procedure time, hand movement, and path length during simulated ultrasound-guided 
PNBs procedures in a porcine phantom model[45]. The study showed a significant reduction in procedure time and hand 
movement for out-of-plane techniques when this new technology was used compared to when it was not. A similar study 
on human volunteers for ultrasound-guided lumbar plexus block demonstrated reduced hand movements and path 
lengths[46]. Hence, AI technology can utilize the data from these devices to improve trainee performance during training.

Table 1 summarizes the currently available commercial devices for PNBs and central neuraxial blocks[23,26-30,35,40,
45]. Realtime analysis of ultrasound images through AI algorithms by highlighting key anatomical structures can enhance 
their visualization and minimize the risk of accidental puncture of key vital structures. AI guided precise needle 
placement can potentially lead to higher rates of successful blocks, enhanced pain management and faster recovery. 
Similarly fewer complications like hematoma, nerve damage and infection would also translate into better outcomes.

Constraints in integration of AI in RA
AI has displayed remarkable potential in the field of RA and is growing at an accelerated pace. However, the complete 
implementation of AI in clinical practice has several challenges.

Currently, numerous AI-enabled devices or models are available, but only a few have undergone external validation. 
The paucity of data on patient outcomes utilizing these devices and the unstructured and heterogeneous literature 
available are further challenges. Besides, the absence of standards to verify the accuracy and utility of these devices 
constitutes a significant impediment to their incorporation into clinical practice[47].

Effective ML relies on thorough training with vast and diverse datasets. However, the availability and quality of 
patient data remain a significant concern that can hinder the advancement of AI. Transfer learning emerges as a valuable 
method to tackle this challenge by leveraging knowledge gained from one domain and applying it to another[48]. 
Furthermore, if the input data is flawed, the AI model's output will contain inaccuracies, potentially posing a serious 
impact on the efficacy and safety of medical procedures[49]. Additionally, the ethical and legal aspects, along with 
privacy concerns stemming from such data, need to be carefully addressed. The Alan Turing Institute, a leading center for 
data science and AI, has developed comprehensive guidelines for ethics and safety in this domain and needs to be 
referred to whenever dealing with ethical matters related to patient data management[50].

Though AI-assisted devices possess tremendous abilities, they may fail, just like any other technology. Misidenti-
fication of anatomy and the AI model's emphasis on the wrong features may lead to undesired outcomes. The accuracy of 
AI in specific populations, such as pediatric age groups, geriatric populations, and patients with altered anatomy, is not 
well-studied[7]. Therefore, over-reliance on AI assistance has downsides, particularly with trainees and learners who lack 
confidence in their knowledge of anatomy. A thorough knowledge of relevant anatomy is essential. It is advisable not to 
replace traditional expert mentoring with AI-assisted devices, and trainees should learn standard techniques of 
ultrasound image acquisition before exposure to AI-assisted devices.

The implementation of AI is further hindered by the high costs associated with it. However, as the usage of this 
technology becomes more widespread, the costs are expected to decrease gradually, making it more affordable and 
accessible to all in the long run.

AI in RA represents a multidisciplinary field that thrives on collaboration between clinicians, engineers, and adminis-
trators. It's imperative to align these disciplines to ensure the successful integration of AI in RA. Regulatory authorities 
should play a pivotal role in establishing policies that promote the ethical sharing of data across disciplines and institutes. 
This approach will not only foster the rapid advancement of AI technology but also accelerate its seamless integration 
into clinical anesthesia practice.

These challenges can only be overcome by collaborating and data-sharing between healthcare institutes and research 
centers by ensuring the availability of diverse yet representative datasets. Rigorous validation in various clinical settings 
across geographic locations would help standardize and benchmark evaluation metrics to compare different models. A 
multidisciplinary approach involving industry, clinicians, researchers, regulatory bodies, and experts in biomedical ethics 
is the key to unlocking the complete potential of AI in RA.
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Table 1 Commercially available devices

Device name Manufacturer Features Remarks

ScanNav Anatomy 
Peripheral Nerve Blocks
[23]

Intelligent Ultrasound, Cardiff, 
United Kingdom 

Color overlay of key sono-anatomical structures in 10 
commonly performed peripheral nerve blocks

Plug-and-play device, compatible 
with selected ultrasound machines 

Nerve blox[26] Smart Alfa Teknoloji San. Ve 
Tic. A.S. in Ankara, Turkey

Color overlay of anatomical landmarks and supports 
12 types of nerve blocks 

Plug-and-play device, compatible 
with selected ultrasound machines

Nerve track[28] Samsung, Suwon, South Korea Yellow box around the nerves In-built AI feature in the ultrasound 
machine

Smart nerve[29] Mindray Shenzhen, China Color overlay of neural structures, real-time needle 
navigation based on 3D magnetic field technology

In-built AI feature in the ultrasound 
machine

CNerve[27] GE Healthcare, Chicago, IL, 
United States 

Highlights the target nerve to distinguish it from 
surrounding anatomical structures

AI feature in-built in ultrasound 
machine

Accuro[30] Rivanna Medical 
Charlottesville, VA, United 
States 

Provide a real-time 3D view of spine with accurate 
determination of the depth of epidural space

Handheld device

USINE[35] HiCura Medical Singapore Realtime identification of spinal level during central 
neuraxial blocks by using name tags

Plug-and-play device, compatible 
with most ultrasound probes

Needle Trainer™[40] Intelligent Ultrasound Cardiff, 
United Kingdom

Provides non-invasive simulation of needle manipu-
lation on a live participant

Do not provide haptic feedback of 
needle manipulation

Onvision® Needle Tip 
Tracking[45]

B Braun Melsungen AG, 
Melsungen, Germany

Onvision accurately indicates the needle tip position 
inside the body both in and out of the ultrasound 
viewing plane

Exclusively works with Philips 
Xperius ultrasound system

AI: Artificial Intelligence; 3D: Three-dimensional.

Being a relatively new development with significant potential, AI models are slowly getting integrated into commer-
cially available ultrasound machines for PNBs and central neuraxial blocks. It can potentially shorten procedure times 
and ensure financial benefits. Similarly, precise needle placement and drug deposition can potentially result in reduced 
complications, faster recovery, and reduced healthcare costs. However, with widespread adoption and value realization, 
the cost of hardware and software for AI in RA is expected to steadily decrease over the next few years.

CONCLUSION
Initial reports suggest that AI applications have tremendous potential to be a game-changer in RA. Currently, several AI 
models are available for peripheral and central neuraxial blocks. Most of these models use deep neural networks trained 
on large amounts of data to assist clinicians in real-time decision-making by aiding in image interpretation and needle 
tracking. Additionally, AI can revolutionize education and training in RA, making simulation-based training more 
pragmatic and intuitive, thus enabling trainees to learn faster. However, some barriers still exist in its assimilation into 
clinical practice. The common impediments include insufficient patient data on the use of these devices, lack of standard-
ization, and ethical concerns. Clinicians, scientists, and policymakers must coordinate and standardize the technology to 
overcome these barriers.

In conclusion, a new era of AI-assisted RA has begun. Anaesthesiologists should embrace this new technology and 
enhance their skills, reduce the learning curve, and provide better patient care by leveraging AI-guided solutions for RA.
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Abstract
BACKGROUND 
Mucocutaneous separation (MCS) is a common postoperative complication in 
enterostomy patients, potentially leading to significant morbidity. Early identi-
fication of risk factors is crucial for preventing this condition. However, predictive 
models for MCS remain underdeveloped.

AIM 
To construct a risk prediction model for MCS in enterostomy patients and assess 
its clinical predictive accuracy.

METHODS 
A total of 492 patients who underwent enterostomy from January 2019 to March 
2023 were included in the study. Patients were divided into two groups, the MCS 
group (n = 110), and the non-MCS (n = 382) based on the occurrence of MCS 
within the first 3 weeks after surgery. Univariate and multivariate analyses were 
used to identify the independent predictive factors of MCS and the model 
constructed. Receiver operating characteristic curve analysis was used to assess 
the model’s performance.

RESULTS 
The postoperative MCS incidence rate was 22.4%. Suture dislodgement (P < 
0.0001), serum albumin level (P < 0.0001), body mass index (BMI) (P = 0.0006), 
hemoglobin level (P = 0.0409), intestinal rapture (P = 0.0043), incision infection (P 
< 0.0001), neoadjuvant therapy (P = 0.0432), stoma site (P = 0.0028) and elevated 
intra-abdominal pressure (P = 0.0395) were potential predictive factors of MCS. 
Suture dislodgement [P < 0.0001, OR: 28.0075 95%CI: (11.0901-82.1751)], serum 
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albumin level (P = 0.0008, OR: 0.3504, 95%CI: [0.1902-0.6485]), BMI [P = 0.0045, OR: 2.1361, 95%CI: (1.2660-3.6235)], 
hemoglobin level [P = 0.0269, OR: 0.5164, 95%CI: (0.2881-0.9324)], intestinal rapture [P = 0.0351, OR: 3.0694, 95%CI: 
(1.0482-8.5558)], incision infection [P = 0.0179, OR: 0.2885, 95%CI: (0.0950-0.7624)] and neoadjuvant therapy [P = 
0.0112, OR: 1.9769, 95%CI: (1.1718-3.3690)] were independent predictive factors and included in the model. The 
model had an area under the curve of 0.827 and good clinical utility on decision curve analysis.

CONCLUSION 
The mucocutaneous separation prediction model constructed in this study has good predictive performance and 
can provide a reference for early warning of mucocutaneous separation in enterostomy patients.

Key Words: Enterostomy; Mucocutaneous separation; Risk assessment model; Performance validation

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study a risk prediction model for mucocutaneous separation in enterostomy patients was developed, 
identifying key predictive factors such as suture dislodgement, serum albumin levels, and body mass index. The model 
demonstrated strong predictive accuracy with an area under the curve of 0.827, offering a valuable tool for early intervention 
and improved patient outcomes in clinical practice.
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INTRODUCTION
Enterostomy is one of the most commonly performed surgeries by gastrointestinal surgeons. It involves temporary or 
permanent diversion of the patient’s intestinal tract to an artificial opening (stoma) in the abdominal wall as a means of 
excreting intestinal contents[1]. According to statistics, hundreds of thousands of people worldwide undergo 
enterostomy surgery each year due to conditions such as inflammation, trauma, or intestinal cancer, with the number of 
patients undergoing ostomy surgery in China exceeding one hundred thousand annually, and the total number currently 
exceeding one million[2]. However, enterostomy also imposes varying degrees of physiological and psychological 
burdens on patients, severely affecting their quality of life and imposing significant economic burdens on families and 
society[3,4]. Leakage of intestinal contents after enterostomy surgery can lead to serious complications, with reported 
complication rates ranging from 10% to 50%[5,6]. Mucocutaneous separation (MCS) of enterostomy is one of the common 
early complications following enterostomy surgery, with its occurrence frequency accounting for 4% to 24% of entero-
stomy surgery complications[7].

MCS, the separation of the edge of the intestinal stoma mucosa from the sutured area of the abdominal wall skin, 
commonly occurs within 1 to 3 weeks after surgery. Incomplete tissue healing at the suture site results in an open wound 
between the mucosa and the skin[7]. The overall incidence rate of MCS outside China ranges from 3.7% to 9.7%[8,9], 
while in China, it is reported to be 16.33%[10]. MCS often leads to a series of adverse reactions of varying degrees, 
including acute peritonitis, incision infection, and stoma retraction. Additionally, scarring produced after the healing of 
MCS can cause stoma stenosis or retraction[11]. When MCS occurs, the reduced adhesion effect at the separation site 
impairs the healing process, not only slowing down wound healing but also increasing damage to the skin around the 
stoma. The occurrence of MCS after enterostomy prolongs the patient’s hospital stay, causing physical and psychological 
distress to patients while dramatically increasing the difficulty, satisfaction, and workload of nursing care. Therefore, 
early detection and management of MCS post-enterostomy are of paramount importance for patients, their families, and 
healthcare providers.

Previous studies on MCS vary in terms of included variables and sample sizes, with most being retrospective studies 
and controversial in their conclusions. To date, there have been no reports on the establishment of a risk assessment 
model for MCS. This study aims to explore risk factors for MCS, establish a risk prediction assessment model, and assess 
the accuracy of the model.

MATERIALS AND METHODS
Participants
A prospective cohort was established, including patients who underwent enterostomy at our center from January 2019 to 
March 2023. Participants were included based on the following inclusion criteria: Patients determined to need 
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enterostomy after admission; Aged 18 years and above; Patients without mental disorders, capable of normal 
communication and interaction; Able to maintain regular contact for follow-up. Participants were excluded based on the 
following exclusion criteria: Had prior abdominal surgery; Occurrence of severe complications such as pulmonary 
embolism, myocardial infarction, or stroke after surgery; critically ill or deceased patients; Were lost to follow-up. This 
study was approved by the ethics committee of our hospital. All participants provided informed consent.

Mucocutaneous separation assessment
An expert team consisting of ten experienced gastroenterologists was set up to evaluate participants’ clinical presentation 
to determine whether MCS had occurred or not. All members of the team were blinded by the research objectives and 
details.

Determination of MCS was based on expert consensus[12] and relevant guidelines[13]. The criteria for defining MCS, 
its clinical manifestations, and predisposing factors were summarized in the assessment criteria for MCS. Predisposing 
factors were defined as poor peristomal tissue healing resulting in an open wound between the skin and mucosa. A 
normal stoma exhibits glossiness, redness, and slight convexity, with tight adhesion between the peristomal mucosa and 
skin. The surrounding skin color is normal and intact. Clinical symptoms of MCS include varying degrees of separation 
depth ranging from 1 to 1.4 cm within the subcutaneous abdominal wall layers. White or yellowish odorless fluid may 
exude from the separation site.

Statistical analysis
Statistical analysis was conducted using R version 4.1.1. Continuous data are presented as mean ± SD and were compared 
between groups using the independent sample t-test. Categorical data are reported as absolute numbers and percentages. 
Categorical variables were compared using the χ2 test. Univariable logistic regression was used to identify potential 
predictive factors of MCS and multivariate logistic regression was then used to identify independent predictors of MCS. 
The independent predictors were then used to construct a binomial logistic predictive model. Receiver operating charac-
teristic (ROC) curve analysis was also used to evaluate the model’s performance. Decision curve analysis (DCA) was used 
to assess the utility of the model. The model was expressed as a nomogram. P values < 0.05 were considered statistically 
significant.

RESULTS
Baseline characteristics
A total of 548 participants were initially included, however, 56 were excluded due to being critically ill (n = 6), deceased 
(n = 12), or having prior abdominal surgery (n = 38). In total, 492 participants were included. The mean age was 62.0 ± 
13.56 years. One hundred and eighty-seven (38%) of the participants were female and 305 (62%) were male. The most 
common indication for enterostomy in the cohort was colorectal tumors, accounting for 412 (75.2%) of all cases. The main 
sites of enterostomy were ileostomy (63.2%) and colostomy (36.8%). Participants in the study group were assigned to the 
MCS Group (n = 110) and the non-MCS Group (n = 382). The median occurrence of MCS was 16.1 (7–25) days after 
surgery. Body mass index (BMI) (P = 0.007), enterostomy site (P = 0.003), suture dislodgement (P < 0.001), elevated intra-
abdominal pressure (P = 0.001), and incision infection (P < 0.001) were significantly different between the two groups. 
There were significant differences between the two groups with respect to other variables. The baseline characteristics of 
the participants are summarized in Table 1.

Predictive factors of MCS and the nomogram
Based on the univariate logistic regression analysis, suture dislodgement (P < 0.0001), serum albumin level (P < 0.0001), 
BMI (P = 0.0006), hemoglobin level (P = 0.0409), intestinal rapture (P = 0.0043), incision infection (P < 0.0001), neoadjuvant 
therapy (P = 0.0432), stoma site (P = 0.0028) and elevated intra-abdominal pressure (P = 0.0395) were determined to be 
potential predictive factors of MCS. These were included in the multivariate logistic regression analysis. Following 
multivariate logistic regression analysis, suture dislodgement [P < 0.0001, OR: 28.0075 95%CI: (11.0901-82.1751)], serum 
albumin level [P = 0.0008, OR: 0.3504, 95%CI: (0.1902-0.6485)], BMI [P = 0.0045, OR: 2.1361, 95%CI: (1.2660-3.6235)], 
hemoglobin level [P = 0.0269, OR: 0.5164, 95%CI: (0.2881-0.9324)], intestinal rapture [P = 0.0351, OR: 3.0694, 95%CI: 
(1.0482-8.5558)], incision infection [P = 0.0179, OR: 0.2885, 95%CI: (0.0950-0.7624)] and neoadjuvant therapy [P = 0.0112, 
OR: 1.9769, 95%CI: (1.1718-3.3690)] were determined to be independent predictive factors of MCS. The results of 
univariate and multivariate logistic regression analysis are presented in Table 2.

Based on the factors identified above, we constructed first a logistic model including only the independent predictive 
factors (suture dislodgement, serum albumin level, BMI, hemoglobin level, intestinal rapture, incision infection and 
neoadjuvant therapy) to predict MCS (MSC model). The nomogram had an area under the curve (AUC) of 0.827. For 
comparison, we also constructed a simplified predictive model including only suture dislodgement, albumin level and 
BMI (MCS Basic) and an extended model that included all the predictive factors identified from univariate analysis (MCS 
Extended). These two models had an AUC: 0.790 and AUC: 0.833, respectively. There was no significant difference in 
performance between the MCS model and the MCS extended models (P = 0.266). Both the MCS model and MCS 
Extended were significantly better than MCS Basic (P = 0.005 and P = 0.004, respectively). ROC curves for the models are 
shown in Figure 1. The MCS model was expressed as a nomogram (Figure 2). Nomograms of MCS Extended and models 
are shown in Supplementary Figures 1 and 2. Clinical utility of the models was compared using DCA. Overall, the MCS 

https://f6publishing.blob.core.windows.net/96ca242f-1e25-4f21-82f0-5e31ee6fcf2c/96993-supplementary-material.pdf
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Table 1 Clinicopathological characteristics, n (%)

Variable Non-MCS (n = 382) MCS (n = 110) P value

Sex

    Male 241 (63.1) 64 (58.2)

    Female 141 (36.9) 46 (41.8)

0.4106

Age (years)

    < 60 115 (30.1) 35 (31.8)

    ≥ 60 267 (69.9) 75 (68.25)

0.8209

Intestinal rapture 14 (3.7) 12 (10.95) 0.0059

Diabetic 89 (23.3) 26 (23.6) 1.0000

Immunotherapy 153 (40.0) 45 (40.9) 0.9592

Neoadjuvant therapy 153 (40.0) 56 (50.9) 0.0548

Suture dislodgement 42 (11.0) 63 (57.3) < 0.0001

Incision infection 49 (12.8) 42 (38.2) < 0.0001

BMI (kg/m2)

    < 24 257 (67.3) 54 (49.1)

    ≥ 24 125 (32.7) 56 (50.9)

0.0007

Stoma site

    Ileum 228 (59.7) 83 (75.4)

    Colon 154 (40.3) 27 (24.6)

0.0036

Elevated intra-abdominal pressure 183 (47.9) 65 (59.1) 0.0501

Hemoglobin level

    ≤ 90 82 (21.5) 34 (30.9)

    > 90 300 (78.5) 76 (69.1)

0.0501

Albumin level

    ≤ 28 54 (14.1) 34 (30.9)

    > 28 328 (85.9) 76 (69.1)

< 0.0001

BMI: Body mass index; MCS: Mucocutaneous separation.

Table 2 Univariate and multivariate analysis

95%CI
Variable Univariate, P value Multivariate, P value OR

Lower Upper

Suture dislodgement < 0.0001 < 0.0001 28.0075 11.0901 82.1751

Serum albumin < 0.0001 0.0008 0.3504 0.1902 0.6485

BMI 0.0006 0.0045 2.1361 1.2660 3.6235

Hemoglobin 0.0409 0.0269 0.5164 0.2881 0.9324

Intestinal rapture 0.0043 0.0351 3.0694 1.0482 8.5558

Incision infection < 0.0001 0.0179 0.2885 0.0950 0.7624

Neoadjuvant therapy 0.0432 0.0112 1.9769 1.1718 3.3690

Stoma site 0.0028 0.1996 0.6908 0.3881 1.2071

Elevated intra-abdominal pressure 0.0395 0.1194 1.5162 0.2881 0.9324



Liu Y et al. Risk prediction model for mucocutaneous separation

WJCC https://www.wjgnet.com 6624 November 26, 2024 Volume 12 Issue 33

Diabetic 0.9412 - - - -

Age 0.7309 - - - -

Immunotherapy 0.8717 - - - -

Sex 0.3506 - - - -

BMI: Body mass index.

Figure 1 Receiver operating characteristic analysis curves. Mucocutaneous separation (MCS) model is the primary model incorporating all 7 independent 
predictive factors [suture dislodgment, albumin level, body mass index (BMI), hemoglobin level, intestinal rapture, incision infection and neoadjuvant therapy]. MCS 
Basic is the stripped-down model using only suture dislodgment, albumin level and BMI. MCS Extended incorporates all the potential predictive factors. MCS: 
Mucocutaneous separation; AUC: Area under the curve.

model had the best clinical utility compared to the other two models. However, the clinical utility at risk threshold 
between 0.4 and 0.8 was better in the extended model. Below the risk threshold of 0.4, MSC model and MSC Extended 
were comparable. Above the 0.8 risk threshold the MCS model was better. DCA analysis results are shown in Figure 3.

DISCUSSION
Enterostomy surgery is commonly used in the treatment of inflammatory bowel dis- ease, intestinal rupture, intestinal 
obstruction, rectal and anal tumors, and other diseases. Recent studies have shown that high Duke stage, preoperative 
neoadjuvant chemoradiotherapy, diabetes, inflammatory bowel disease, immunosuppressants, steroids, BMI, albumin 
levels, and regular follow-up visits by patients are high-risk factors for complications in enterostomy skin. Previous 
studies have shown that compared to colostomy, patients with ileostomy have higher daily stool output, which is often 
pasty or watery, carrying various digestive enzymes, making it easy to damage the skin[14].

The results of this study indicate that the risk of MCS in patients with ileostomy is significantly higher than in patients 
with colostomy. Therefore, for patients with ileostomy who have a large amount of stool output and rapid dissolution of 
the adhesive base, an enhanced adhesive base should be used, and the ostomy support rod should be removed promptly 
within one month after surgery. Surgical reasons causing ischemic necrosis of the intestinal mucosa, intraoperative use of 
electrosurgical devices, and obesity leading to incisional fat liquefaction can all cause skin and mucosal separation[15]. 
Peristomal fat liquefaction, peristomal abscesses, and infection at the site of enterostomy skin and mucosal sutures 
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Figure 2 Mucocutaneous separation model nomogram. Visualization of the mucocutaneous separation (MCS) model via a nomogram. The risk of MCS is 
determined based on the total points based on the seven independent predictive variables. MCS: Mucocutaneous separation.

Figure 3 Decision curve analysis. The clinical utility of the three models is generally comparable, however, at higher risk profiles, the mucocutaneous 
separation model is generally better. MCS: Mucocutaneous separation.

significantly increase the probability of MCS[16]. The results of this study show that partial necrosis of the enterostomy 
intestinal mucosa, detachment of enterostomy mucosal sutures, subcutaneous fluid infection around the enterostomy, 
liquefaction of local tissue around the enterostomy, and incision infection all increase the risk of MCS. It is recommended 
that when patients have symptoms of infection, secretions from the wound should be collected for bacterial culture, and 
antibiotic treatment should be administered according to the doctor’s orders. With good intestinal function, solid food 
intake should be increased to prevent fecal contamination of the wound. Physicians should remove ineffective sutures at 
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the site of MCS, and clean and remove necrotic tissue from the wound.
When the enterostomy roll edge leaks or becomes pale, it should be replaced promptly to prevent fecal leakage and 

delay wound healing. When serum albumin levels are < 35 g/L, the risk of postoperative site infection will increase by 
2.5-fold[17]. Another study found that preoperative low albumin levels are independent risk factors for deep skin and 
mucosal separation[18]. Multiple studies have shown that patients in a malnourished state have low immune function 
and should receive enteral or parenteral nutrition support before and after surgery to improve immune function and 
effectively prevent skin and mucosal separation[19,20]. The results of this study indicate that when serum albumin levels 
are low, indicating malnutrition, the probability of MCS occurrence significantly increases. Poor nutritional status in 
patients is a high-risk factor for MCS occurrence. It is recommended to strengthen patient health education, provide 
dietary guidance to patients, and enhance patient awareness of nutritional supplementation and dietary balance.

This study was based on a prospective design, employing uniform criteria to identify the occurrence of MCS, and to 
avoid subjective bias, outcome assessment was conducted blindly. Additionally, predictive variables were rigorously 
selected by an expert team following relevant guidelines[21]. Through extensive literature review, expert consultations, 
and preliminary investigations, predictive factor variables were selected. Single-factor analysis and multi-factor analysis 
were conducted to obtain the strongest combination of variables for joint prediction. Furthermore, the measurement 
methods for the included predictive variables were simple, data acquisition was relatively convenient, and the model 
exhibited good reproducibility and operability. In addition to these findings, the potential of Negative Pressure Wound 
Therapy (NPWT) as a treatment for complicated cases of MCS is noteworthy. A recent case series by Ding et al[22] 
demonstrated the effectiveness of NPWT in managing moderate to severe MCS following ileal conduit urinary diversion. 
Their study showed that NPWT not only prevented infection but also facilitated the healing process in patients with 
significant MCS. This suggests that NPWT could be considered a therapeutic option in severe cases of MCS, particularly 
where conventional treatments may be insufficient. Future studies should explore the broader applicability of NPWT in 
MCS management following enterostomy surgery.

While this study offers valuable insights into the risk factors and predictive model for MCS in enterostomy patients, 
several limitations should be acknowledged. Firstly, as a single-center study, the findings may not be generalizable to 
other populations or settings, where different surgical techniques, postoperative care protocols, and patient 
demographics may influence the incidence and risk factors of MCS. Additionally, although the study employed a 
prospective design and rigorous criteria for identifying MCS, the potential for selection bias remains, as patients who 
were critically ill, deceased, or lost to follow-up were excluded from the analysis. Moreover, the reliance on expert 
assessment for determining MCS may introduce some level of subjectivity, despite the blinding procedures used. Lastly, 
while the model demonstrated good predictive accuracy, external validation in diverse clinical settings is necessary to 
confirm its broader applicability. Future studies should also explore the inclusion of additional variables, such as genetic 
predispositions and long-term patient outcomes, to enhance the robustness of the model.

CONCLUSION
MCS often occurs within 1 to 3 weeks after enterostomy surgery. If MCS is not promptly addressed, it can lead to 
complications such as irritant dermatitis, stoma retraction, stoma stenosis, and even stoma reconstruction, which can 
significantly increase the psychological and economic burden on patients and their families, causing immense suffering. 
The MCS risk prediction model developed in this study demonstrates good predictive performance, providing a scientific 
basis for early warning and precise prevention of MCS complications. It can guide the development of MCS prevention 
and intervention strategies. However, this study has certain limitations. It only underwent temporal validation, and the 
number of modeling samples needs to be further increased. The external validity of this model needs to be verified in 
different hospitals.
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Abstract
BACKGROUND 
Listeria meningitis is an infectious disease of the central nervous system caused 
by Listeria monocytogenes. This bacterium is widely present in the natural 
environment and can be transmitted through channels such as food and water. 
Patients usually show symptoms such as fever, headache, and neck stiffness. In 
severe cases, coma, convulsions, or even death may occur. Traditional diagnostic 
methods, such as cerebrospinal fluid (CSF) culture and serological tests, have 
certain limitations. Although CSF culture is the “gold standard” for diagnosis, it is 
time-consuming and has a relatively low positivity rate. Serological detection may 
also result in false positive or false negative results. The emergence of metage-
nomic sequencing (mNGS) technology has led to a significant break-through in 
diagnosing Listeria meningitis, allowing quick and accurate detection of various 
pathogens in samples.

CASE SUMMARY 
Here, we present the case of a previously healthy 64-year-old woman diagnosed 
with Listeria meningitis using mNGS. She was successfully treated with intrave-
nous ampicillin and meropenem, without any complications.

CONCLUSION 
Listeria meningitis must be considered, especially in patients who fail to show 
improvement with first-line antibiotic treatments. mNGS significantly reduces the 
diagnosis time, supporting timely treatment of patients.

Key Words: Listeria monocytogenes; Meningitis; Diagnosis; Treatment; Immune function; 
Case report
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Core Tip: Listeria meningitis is a potentially serious condition with a high associated mortality rate, making its early 
diagnosis crucial. In immunocompromised patients, active administration of first-line antibiotics can help achieve better 
clinical outcomes.
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INTRODUCTION
Listeria monocytogenes (LM) is a facultative anaerobic bacterium that causes Listeria meningitis[1]. LM is an intracellular, 
parasitic, Gram-positive, non-spore-forming bacillus and a zoonotic pathogen[2]. This bacterium is widely present in 
natural environments such as soil and water, and has a strong tolerance to low temperatures and high salinity[3]. It is a 
foodborne bacterium that easily contaminates various foods such as dairy products, seafood, meat and eggs, poultry, 
fruits, and vegetables. It is widely present in refrigerated foods and is classified as an opportunistic pathogen[4]. Patients 
often have a history of catching a cold and directly consuming refrigerated food before the onset of the disease. 
Susceptible populations include newborns, pregnant women, the elderly, and individuals with low immunity[5]. After 
consuming food contaminated with LM, the bacteria enter intestinal epithelial cells by binding to the adhesive proteins 
on the surface of the cells, multiply within the cells, and use actin to spread between cells, thereby passing through the 
intestinal barrier and the blood-brain barrier and spreading to any part of the body[6].

LM meningitis usually has an acute onset. The first symptom in 90% of cases is fever, often exceeding 39 °C and 
accompanied by severe headaches, dizziness, nausea, and vomiting. There is obvious meningeal irritation, and patients 
often exhibit altered consciousness, including numbness, delirium, and seizures. In severe cases, loss of consciousness 
may occur within 24-48 h[7]. A few cases have a slow onset, a long disease course, and repeated episodes. If the lesion 
involves the brain parenchyma, symptoms of encephalitis or brain abscess may develop[8]. Some patients may experience 
double vision, difficulty in pronunciation or swallowing, facial nerve paralysis, and hemiplegia. Cerebrospinal fluid 
(CSF) examination typically reveals a cloudy appearance, increased WBC count and multinucleated cell count, elevated 
protein levels, and reduced sugar and chloride concentrations[9]. LM can also be found in blood and CSF cultures. LM is 
sensitive to penicillin, ampicillin, gentamicin, streptomycin, chloramphenicol, quinolones, rifampin, and sulfameth-
oxazole/trimethoprim, among others. Penicillin or ampicillin are the primary therapeutic drugs, although they do not 
show bactericidal effects in vitro. In severe cases, these two antibiotics are often used in combination. The combination of 
ampicillin or penicillin with aminoglycoside antibiotics has a synergistic effect. The clinical manifestations and CSF 
findings in LM meningitis are not significantly different from those of other forms of suppurative meningitis, making its 
diagnosis and treatment challenging for clinicians. This requires careful clinical attention. Our department has 
successfully treated a critically ill patient with LM meningitis. The diagnosis and treatment process are reported below.

CASE PRESENTATION
Chief complaints
Intermittent fever and headache for 1 month and convulsions and confusion for 2 days.

History of present illness
On May 8, 2021, the patient developed a fever for no apparent reason, with a maximum body temperature of 39.3 °C, 
accompanied by headache and forceful vomiting, without any loss of consciousness or convulsions.

History of past illness
The patient had a history of systemic lupus erythematosus (SLE) for more than 10 years. During the 6 months when she 
was abroad, she had stopped taking steroids on her own. Upon returning to China 2 months prior to admission, she 
underwent a comprehensive examination in the nephrology department, followed by a re-examination that showed 
decreased complement C3 and C4 levels. Three doses of methylprednisolone had been administered orally to control her 
SLE.

Personal and family history
All members of her family were in good health and had no history of tuberculosis or other related diseases.

https://www.wjgnet.com/2307-8960/full/v12/i33/6629.htm
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Physical examination
The patient’s body temperature was 38.9 °C, heart rate was 137 beats/min, respiratory rate was 26 times/min, and blood 
pressure was 155/81 mmHg. She was in a deep coma, with pupils that were equal, round, reactive to light, and measured 
3 mm bilaterally. Neck stiffness was noted. Slightly thick breathing sounds were observed in both lungs, but no dry or 
wet rales were heard. The heart rate was 137 beats/min, regular, with no pathological murmur. The abdomen was flat 
and soft, and the liver, spleen, and ribs were unaffected. The left upper limb was ankylosed, and there was no edema in 
both lower limbs. No pathological reflex was elicited.

Laboratory examinations
Blood tests revealed a rapid c-reactive protein level of 31.65 mg/L, a WBC count of 5.5 × 109/L, and a neutrophil percen-
tage of 90.9%. The CSF pressure was 250 mmH2O, total WBC count was increased, protein levels were significantly 
increased, and glucose and chlorine levels were decreased.

On the 4th day of admission, mNGS of the CSF indicated the presence of LM (Table 1), and both blood and CSF cultures 
were positive for LM. Serum complement C3 and C4 levels were normal. Other diagnostic tests, such as the T-cell spot of 
tuberculosis test (T-SPOT), CSF latex agglutination test, CSF tuberculosis (TB)-PCR, and autoimmune brain antibody tests 
were all negative.

Imaging examinations
Electroencephalography: Display exception.

Head magnetic resonance imaging: Multiple small ischemic lesions in the bilateral frontal, parietal, temporal, and 
occipital lobes, as well as the lateral ventricles.

Chest computed tomography revealed local callus formation after fractures of the right fourth to ninth ribs. In addition, 
a review of electroencephalography showed abnormalities, with irregularities on the video electroencephalography 
topographic map. Head CT and MRI showed scattered small ischemic foci in the bilateral frontal and parietal lobes, basal 
ganglia, and lateral ventricles.

MULTIDISCIPLINARY EXPERT CONSULTATION
After admission, the patient received electrocardiographic monitoring, oxygen therapy, and critical illness reporting. A 
lumbar puncture was performed, revealing CSF pressure of 250 mmH2O, an increased total WBC count, significantly 
increased protein levels, and decreased glucose and chlorine levels (Table 2). Central nervous system (CNS) infections 
(excluding bacteria, tuberculosis, fungi, and viruses) and lupus encephalopathy were considered possible diagnoses. 
Samples were sent for three smears (bacterial, fungal, and acid-fast staining), three cultures, latex agglutination tests, TB-
PCR, CSF mNGS, autoimmune brain antibodies, and blood T-SPOT tests, with consultation from the Department of 
Rheumatology and Immunology. The patient was treated with anti-infection therapy (1.0 g q8h of meropenem + 0.5 g qd 
of ribavirin), dehydration treatment to reduce intracranial pressure (125 mL q8h of 20% mannitol + 250 mL of glycerol 
fructose q12h), diagnostic anti-tuberculosis treatment (0.3 g qd of isoniazid, 0.45 g of rifampin, 0.75 g of ethambutol, and 
0.5 g of pyrazinamide; all via nasal feeding), 500 mg × 3 days of methylprednisolone intravenous infusion, 20 g × 5 days 
of intravenous immunoglobulin therapy, and control of epileptic seizures (diazepam and levetiracetam).

FINAL DIAGNOSIS
Infection with LM meningoencephalitis and SLE.

TREATMENT
On the 4th day of admission, mNGS of the CSF indicated LM (Table 1), and the blood and CSF cultures also tested positive 
for LM. Serum complement C3 and C4 levels were normal, and tests for T-SPOT, CSF latex agglutination, CSF TB-PCR, 
and autoimmune brain antibodies were all negative. The diagnostic evidence for tuberculous meningitis, cryptococcal 
meningitis, lupus activity, and lupus encephalopathy was insufficient, and the diagnosis was finally confirmed as sepsis 
caused by LM and LM meningoencephalitis. Therefore, the anti-tuberculosis drugs were discontinued, and the anti-
infective regimen was adjusted to meropenem 2 g q8h + ampicillin 3 g q6h via intravenous infusion. The methylpred-
nisolone dosage was reduced to 3 capsules qd via nasal feeding. Antiepileptic treatment, dehydration treatment to reduce 
intracranial pressure (125 mL q6h mannitol + 250 mL q12h glycerol fructose intravenous infusion), and symptomatic 
supportive treatment were continued.
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Table 1 Metagenomic sequencing results of cerebrospinal fluid

Name Number of detected sequences Gene percentage Copies/mL
Listeria monocytogenes 1317 195077 bp/6.34% 9.90E+02

Table 2 Results of cerebrospinal fluid examination during hospitalization

Cerebrospinal fluid (reference interval) Day 1 Day 7 Day 14 Day 30

Pressure (80-180 H2O) 210 150 100 80

Color (transparent and clear) Primrose Colorless transparent Colorless transparent Colorless transparent

Leucocyte (0-8 × 106/L) 75 18 5 1

Erythrocyte (106/L) 110 7 5 3

Lymphocyte 16 90 3 1

Neutrophils 82 8 1 0.5

Macrophage 1 2 0 0

Eosinophilic granulocyte 1 0 0 0

Basophilic granulocyte 0 0 0 0

Sugar mmol/L 3 2.53 2.79 4.1

Chlorine 123 131 125 130

Protein 3.32 1.16 0.66 0

Bacterial culture Listeria monocytogenes Negative Negative Negative

OUTCOME AND FOLLOW-UP
The patient’s consciousness gradually improved, and cognitive functions, such as the ability to calculate, gradually 
recovered. She could follow instructions and perform simple movements, and her body temperature remained normal. 
Repeated blood and CSF cultures showed no bacterial growth, and her condition improved. On July 24, the patient was 
discharged to a rehabilitation hospital for further rehabilitation treatment. During the treatment period in this hospital, 
lumbar punctures were re-examined in the 1st and 2nd weeks after admission. The biochemical and routine CSF findings 
were normal, and the CSF culture was negative. The patient experienced no fever, had clear consciousness, and was able 
to care for herself. She was considered clinically cured.

DISCUSSION
Infections of the CNS are still associated with high morbidity and even mortality[10]. LM belongs to the group of bacteria 
that have a specific potential to invade and access the CNS, mainly causing meningitis and rhombencephalitis. Neurol-
isteriosis typically affects immunocompromised individuals but can also occur in immunocompetent patients[11]. Partic-
ularly vulnerable populations include pregnant women, unborn babies, newborns, and the elderly[12]. The mechanisms 
by which LM invades the CNS and its associated tropism toward neural tissues are still poorly understood[13]. Since LM 
is mostly acquired orally through the ingestion of contaminated food, it seems apparent that the bacterium can be 
transported by the trigeminal nerve to the brainstem, resulting in LM-induced rhombencephalitis[14]. This pathology has 
been observed in more than 200 cases of neuropathological investigations in cattle, sheep, and goats, and in autopsies of 
patients who died from LM brainstem encephalitis[15-16]. These investigations revealed inflammation and infiltration of 
cranial nerves and their pathways[17-18].

The patient in this case was an elderly woman with weakened immune function owing to a history of SLE and 
prolonged hormone therapy, which she had recently discontinued. The onset of the disease was characterized by fever, 
headache, and neurological symptoms, such as altered consciousness and epileptic seizures. These symptoms, along with 
brain parenchymal damage, neck stiffness, and ischemic lesions on head CT and MRI, raised concerns of CNS infection, 
although lupus encephalopathy could not be ruled out. After admission, a complete lumbar puncture was performed as 
soon as possible, and routine CSF analysis, biochemical tests, smear and culture, mNGS, cryptococcal latex agglutination 
test, TB-PCR, and autoimmune brain antibody tests were conducted. Based on the patient’s medical history and CSF 
findings, tuberculosis, bacterial, fungal meningitis, and lupus encephalopathy could not be ruled out. The patient’s 
condition was critical and was progressing rapidly. Without timely and active treatment, there was a high risk of life-
threatening conditions such as continuous epilepsy, respiratory failure, or brain herniation. Therefore, before determining 



Xu DZ et al. Listeria monocytogenes meningoencephalitis

WJCC https://www.wjgnet.com 6633 November 26, 2024 Volume 12 Issue 33

the cause of the infection, a broad treatment approach was initiated to take into account bacterial infections, tuberculosis, 
and lupus encephalopathy. Active antibacterial treatment, diagnostic anti-tuberculosis therapy, high-dose hormone 
shock, and immunoglobulin therapy were given. Through tests such as serum complement, T-SPOT, CSF latex agglu-
tination, CSF TB-PCR, autoimmune brain antibodies, CSF mNGS, and both CSF and blood cultures, a final diagnosis of 
LM meningoencephalitis was confirmed. The treatment plan was adjusted as follows: High-dose hormones and anti-
tuberculosis drugs were stopped and replaced by low-dose hormone maintenance. The patient was treated with 
meropenem 2 g q8h, ampicillin 3 g q6h, and measured to reduce dehydration to reduce intracranial pressure. Nutritional 
support was also provided, which gradually improved her condition.

In the treatment of patients with CNS infections, it is necessary to closely observe changes in the patient’s body tem-
perature, consciousness, breathing, pupil response, and blood gas levels. In case of brain herniation or respiratory failure, 
it is necessary to reduce intracranial pressure promptly, along with the provision of tracheal intubation and assisted 
ventilation via a ventilator to save the patient’s life. During the treatment process, attention should be paid to maintaining 
airway patency, preventing phlegm obstruction, and strengthening nursing and nutritional support.

In addition, the patient had a history of untreated SLE, complicating the diagnosis. It was necessary to distinguish 
between SLE encephalopathy and secondary CNS infection related to SLE, as there are significant differences in the 
treatment methods for these two conditions. SLE encephalopathy typically requires high-dose hormone shock therapy, 
whereas CNS infections require timely and effective anti-infective drug treatment. However, the use of high-dose 
hormones in cases of infection may exacerbate the spread of infection, making it more difficult to control.

Identifying the pathogen is an important aspect of the diagnosis and treatment of infectious diseases. In this case, the 
patient’s CSF routine and biochemical manifestations were atypical, which made it difficult to identify the type of 
pathogen. Therefore, after admission, in addition to routine blood and CSF cultures, the patient underwent a CSF mNGS 
examination as soon as possible. This quickly and accurately detected LM, which was later confirmed by blood and CSF 
cultures. Multi-disciplinary consultations and a thorough examination of SLE-related indicators helped rule out other 
CNS diseases such as SLE encephalopathy, autoimmune encephalitis, and cerebrovascular disease.

CONCLUSION
Listeria meningitis is an infectious disease of the CNS caused by LM, a bacterium widely present in the natural 
environment and transmitted through contaminated food and water sources. Patients usually show symptoms such as 
fever, headache, and neck stiffness. In severe cases, coma, convulsions, or even death may occur. Traditional diagnostic 
methods include CSF culture, serological detection, etc., but these methods have certain limitations. Although CSF culture 
is the “gold standard” for diagnosis, it is time-consuming and has a relatively low positivity rate. Serological detection 
may result in false positive or false negative results, further complicating the diagnosis.

The emergence of mNGS technology has revolutionized the diagnosis of LM. It can quickly and accurately detect 
various pathogens in samples, including bacteria, viruses, and fungi. It offers several significant advantages over 
traditional methods. First, it is fast and accurate. mNGS can analyze a large number of nucleic acid sequences in a short 
time and quickly determine the pathogen species in the sample. Compared with traditional CSF culture, mNGS can 
greatly shorten the diagnosis time and provide strong support for the timely treatment of patients. Second, it has high 
sensitivity and specificity. It can detect pathogen nucleic acids at extremely low concentrations, improving diagnostic 
sensitivity. Moreover, it distinguishes between different pathogens through precise analysis of nucleic acid sequences, 
improving diagnostic specificity. In some complex cases, there may be infections caused by rare pathogens or mixed 
infections. Traditional diagnostic methods often struggle to identify such infections, whereas mNGS can comprehensively 
detect various pathogens in samples and provide more information for accurate diagnosis.
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Abstract
BACKGROUND 
Wound healing is a complicated process that can be heavily influenced by patient 
comorbidities, in some cases leading to a chronic non-healing wound. Evidence 
presented in the medical literature supporting the clinical use of autologous 
platelet-rich plasma (PRP) in treatment of such wounds is becoming increasingly 
compelling. Mechanisms involved include complex interactions between the 
patient’s thrombocytes, cytokines, and growth factors.

CASE SUMMARY 
We present a case of a 72-year-old male patient with a long-standing chronic 
wound and multiple comorbidities. Over the course of more than 7 months, the 
patient was unsuccessfully treated with all routinely used measures, including 
different dressing approaches. Multiple antibiotic regimens were administered for 
wound infection, with repeated evaluation of microbiological swab results. 
Finally, after three PRP applications, the wound showed clinical improvement 
with complete restitution of the epithelial layer of the skin.

CONCLUSION 
PRP treatment may be beneficial to reduce healing time in chronic wounds.

Key Words: Wound healing; Platelet-rich plasma; Growth factors; Antibiotics; Wound 
Infection; Case report
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Core Tip: Chronic wounds present a huge burden on healthcare systems worldwide, and diminish the quality of life of 
affected patients tremendously. Chronic wounds are often a source of frustration for attending clinicians as well, since many 
different types of dressings and other forms of conservative therapy and surgical debridement are used. We believe that local 
platelet-rich plasma (PRP) application is an easily performed procedure that could be offered to patients with chronic 
wounds after the failure of standard dressing-type procedures. We also believe that other more invasive regenerative 
treatment options should be postponed until after PRP is attempted.

Citation: Dimova A, Boroš M, Dimov S, Konjevod J, Svetec M. Platelet-rich plasma treatment for chronic wounds: A case report and 
literature review. World J Clin Cases 2024; 12(33): 6635-6643
URL: https://www.wjgnet.com/2307-8960/full/v12/i33/6635.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i33.6635

INTRODUCTION
A chronic wound is defined as a skin barrier defect that persists after 3 months of the wound being sustained. This 
represents a major therapeutic challenge faced in clinic and is common among older patients with obesity, diabetes 
mellitus, and vascular disorders. Tissue repair is a universal phenomenon across all multicellular organisms, and much of 
the insight about mechanisms of wound healing and the relative temporal progression of the healing phases has come 
from studies in mice[1,2]. Deviation from the normal physiological healing process may be due to various factors, such as 
poor blood supply, impaired immune function, or inadequate nutritional support. Chronic wounds can cause significant 
distress to patients and place a heavy burden on the medical system[3].

Platelet-rich plasma (PRP) is an autologous blood-derived product containing high thrombocyte concentrations and 
various platelet-related growth factors; the thrombocyte levels of such are often 2-5 times higher than in normal blood. 
The utilization of these plasma products was first described by hematologists in the 1960s and 1970s, and they have since 
been used in various surgical and non-surgical fields such as dermatology, sports medicine, and orthopedics[4,5]. Recent 
systematic reviews and meta-analyses of randomized controlled trials have demonstrated that autologous PRP therapy 
effectively enhances wound healing and is considered a viable biological adjuvant therapy option in patients with non-
healing diabetic foot ulcers[6].

Alpha-granules present in thrombocytes contain an abundance of growth factors, such as transforming growth factor β
1 (TGF-β1), vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), insulin-like growth factor 1, 
platelet-derived growth factor (PDGF), and fibroblast growth factor, all of which play valuable roles in the mechanisms of 
healing. Upon their release from the alpha-granules, polypeptides and their receptors are activated to promote wound 
closure, which is achieved through cell differentiation and proliferation, chemotaxis, collagen synthesis, and 
angiogenesis. The PRP itself promotes wound healing due to the increased concentrations of these factors[7,8].

Older adults are more prone to chronic wounds than their younger counterparts, although both suffer significant 
impact to their quality of life from such. The true prevalence and incidence are hard to distinguish due to a lack of 
standardization in data collection. A substantial number of chronic wounds are underreported or not accurately 
described, especially when studies focus on other endpoints, such as lower-extremity amputations. It is also difficult to 
predict and identify prognostic factors for wound healing because of the multifactorial pathogenesis and different wound 
etiologies[9].

Patients with diabetes mellitus have impaired healing capabilities and run the risk of prolonged wound healing. 
Between 1 in 3 to 1 in every 5 patients with diabetes mellitus will develop a chronic non-healing wound in their lifetime. 
Non-diabetic patients have better regulation of angiogenesis and local inflammatory response to wound healing, as well 
as a more effective immune response to colonizing bacteria, with lower levels of reactive oxygen species[10]. Even when 
chronic wounds in diabetic patients heal, there is a risk of recurrence. The risk of recurrence within 1 year is roughly 40%, 
although it can be as high as 65% within 5 years. Some risk factors for diabetic ulcer recurrence have been identified, such 
as those involving progression of neuropathy, wound infection, peripheral artery disease, pre-ulcerative lesions, glycated 
hemoglobin level above 7.5%, and social factors[11].

Herein, we present the case of a patient with a long-standing chronic wound and multiple comorbidities, who was 
unsuccessfully treated with all routinely used measures, including different dressing approaches. Multiple antibiotic 
regimens were administered for wound infection, with repeated evaluation of microbiological swab results. Finally, after 
three PRP applications, the wound showed clinical improvement with complete restitution of the epithelial layer of the 
skin.

CASE PRESENTATION
Chief complaints
A 72-year-old male patient was admitted to our emergency department after suffering a contusion and superficial skin 
excoriation of the right lower leg from a wood log impact. His recovery was complicated by the development of a large 
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hematoma that mandated incision and drainage. Eventually, a chronic wound developed at the incision site and persisted 
for 7.5 months.

History of present illness
Upon admission to our emergency department, the wound was cleaned and dressed. According to national guidelines 
and the patient’s antitetanic immunization status, combined active-passive immunization with tetanus toxoid and 50 U of 
human tetanus immunoglobulin was administered. Dual antibiotic first-line oral therapy was prescribed for 10 days in 
dosages of amoxicillin and clavulanic acid at 875 mg + 125 mg, twice daily, and clindamycin at 600 mg, three times daily.

History of past illness
The patient’s general health status was burdened with several comorbidities, including arterial hypertension, atrial fibril-
lation, type 2 diabetes mellitus, mitral regurgitation, and a cerebrovascular accident.

Personal and family history
The patient’s personal and family history did not contain any significant events.

Physical examination
At presentation, the patient had localized swelling and a large area of superficial anterior lower leg skin excoriation, 
measuring 20 cm × 10 cm. Warfarin was temporarily discontinued from his longstanding therapy and replaced with low-
molecular-weight heparin treatment in a dosage of 6000 IU daily, administered subcutaneously. However, 4 days after 
the traumatic incident, despite the exclusion of warfarin, the patient developed an inflamed hematoma measuring 10 cm 
× 7 cm.

Laboratory examinations
After the patient developed the inflamed hematoma, laboratory tests revealed C-reactive protein (CRP) levels rising to 
71.5 mg/L (normal range: 0.0–5.0 mg/L) and a leukocyte level of 9.1 × 109/L (normal range: 3.4–9.7 × 109/L), with a 
neutrophil relative count of 75.2% indicating a leftward shift. Incision and drainage of the hematoma was performed, 
with necrectomy of three separate marked areas of skin necrosis measuring 3 cm × 3 cm.

The patient was admitted to the hospital for intravenous antibiotic treatment of amoxicillin and clavulanic acid in 
dosages of 1 g + 200 mg, three times a day, and metronidazole at 500 mg, three times a day. Regular wound cleaning and 
dressing was performed daily, as well as addressing the possible signs of compartment syndrome. Due to lack of clinical 
response to the administered antibiotics (evidenced by persistent erythema and swelling with mild induration and CRP 
levels rising up to 161.0 mg/L, with leukocytes of 7.6 × 109/L and neutrophils making up 74.0% of white blood cells), on 
the 3rd day of hospitalization the amoxicillin was replaced with intravenous clindamycin in a dosage of 600 mg, three 
times daily, which led to clinical improvement.

Three days after the antibiotic replacement, a regression of local inflammation signs was observed and CRP levels 
dropped to 86.9 mg/L, with the leukocyte level lowering to 5.5 × 109/L and the relative neutrophil count to 68.1%.

Imaging examinations
Initial X-ray examinations revealed no fractures or other pathologies, apart from demineralization of the tibia and calcific-
ations in the arteries of that region.

Further diagnostic work-up
The patient was discharged on day 6 after hospitalization in good general condition, afebrile, and without signs of 
compartment syndrome. Satisfying local healing dynamics were seen, with an erythema regression observed in the 
proximal and distal part of the wound. Oral antibiotic therapy was continued for 7 days with clindamycin at 600 mg, 
three times daily, and metronidazole at 400 mg, three times daily. The patient’s right lower leg was cast-immobilized. The 
immobilization was removed at a surgical check-up appointment 2 weeks later.

After this first hospitalization, the wound healing progressed in an uneventful manner; the patient was asymptomatic 
over this 30-day period, recorded at three consequent follow-up appointments in the outpatient department. However, at 
1 month after he had been discharged from the hospital, a markedly increased secretion was noted from the wound, 
along with erythema and induration of the lower leg. A microbiological swab was taken and an immobilization casting of 
the right lower leg was performed again. The patient was admitted to hospital for the second time because of the cellulitis 
that had developed. In addition, low-molecular-weight heparin treatment was again introduced to replace warfarin. 
Wound swabs after 3 days showed methicillin-resistant Streptococcus aureus (MRSA) and Klebsiella pneumoniae (extended-
spectrum β-lactamases); sensitivity testing showed both to be responsive to sulfamethoxazole and trimethoprim 
treatment, and the combination antibacterial therapy was started immediately. The patient was discharged after 5 days, 
with continuation of the oral sulfamethoxazole and trimethoprim antibiotic treatment in dosages of 400 mg + 80 mg, 
twice daily, for 10 days.

During the next month, the wound healed by secondary intention, with several necrectomies required due to necrotic 
demarcation of the edges of the wound. Regular follow-up visits to the outpatient department with wound care took 
place every 7-14 days, with primary care visits every 2-3 days. During this treatment phase, the wound reduced in size, 
there was no induration or erythema, and wound secretion was minimal. Unfortunately, the reduction of wound size 
eventually stopped, leaving the patient with a chronic wound measuring 18 cm × 3 cm to 18 cm × 4 cm. Furthermore, 3 
months after the incision and hematoma drainage, hypergranulation tissue was noted on the wound edges, and the 



Dimova A et al. PRP treatment for chronic wounds

WJCC https://www.wjgnet.com 6638 November 26, 2024 Volume 12 Issue 33

patient started complaining of heavy pain in the wound area.

MULTIDISCIPLINARY EXPERT CONSULTATION
The patient complained of persistent pain 6 months after the initial trauma. At that point, the wound was 15 cm long with 
redness along its boundaries, but without secretion and fluctuation. Oral clindamycin antibiotic treatment was given 
three times daily in doses of 600 mg for 2 weeks.

In a follow-up appointment we noted no success and persistent erythema measuring 12 cm × 2 cm to 12 cm × 3 cm. 
Due to the lack of clinical response to the oral antibiotic regimen, the patient was readmitted to hospital for the third time. 
New swab results were reviewed by an infectologist to address the presence of multidrug-resistant organisms. Isolates of 
MRSA and Enterobacter spp had been found in the wound swabs, and the infectologist indicated application of oral 
sulfamethoxazole and trimethoprim in dosages of 800 mg + 160 mg, twice daily, and intravenous application of 
meropenem in a dosage of 1 g, daily. The wound infection subsided in response to this treatment regimen. The patient 
was discharged after 5 days with oral antibiotic sulfamethoxazole and trimethoprim treatment in a dosage of 800 mg + 
160 mg, twice daily, for 7 more days.

FINAL DIAGNOSIS
The patient was ultimately diagnosed with a chronic wound of the right lower leg.

TREATMENT
Seven and a half months after the initial trauma, microbiological swabs revealed physiological flora in a chronic wound 
measuring 12 cm × 3 cm with moderate-to-heavy persistent pain [visual analog scale (VAS), 6–8]. Hyperbaric oxygen 
treatment was considered; however, as the patient could not get an appointment within 3 months and due to the patient’s 
poor compliance to such a scenario, we opted for PRP treatment to promote wound healing and relieve his chronic pain.

A multidisciplinary consultation between the specialists involved in treatment concluded that PRP injection should not 
be administered if the swab results showed pathological microorganisms or anything except physiological flora. Also, the 
patient needed to be hemodynamically stable, without other acute illnesses and with adequate laboratory values of red 
blood cells and thrombocytes, which were within normal range for our patient. These requirements were met and we 
began the PRP treatment protocol.

Autologous PRP was obtained by venipuncture and aspiration of 15 mL of the patient’s peripheral venous blood using 
the Arthrex ACP® Double-Syringe System (Naples, FL, United States). The test tube was then centrifuged at 1,500 rpm for 
5 minutes (Horizon 24-AH centrifuge; Drucker Diagnostics, Port Matilda, PA, United States). From the separated plasma, 
we obtained 6 mL of PRP to be used for application via the Double-Syringe System (Figure 1). Autologous PRP (4 mL) 
was then administered around the wound edges, and the remaining PRP (2 mL) was freely sprayed onto the wound 
surface. Wound aftercare was performed every 2nd day with application of 0.9% NaCl and a sterile cotton mesh covering.

The patient showed markedly positive results with regard to VAS score diminution to 3–4 as early as 2 days post-
procedurally. Two weeks after the first PRP application, improved healing was observed. The patient received a second 
and third PRP application in the same manner, at a day-hospital, with 2-week interval. Further improvement, both 
subjective and objective, was observed, and 4 weeks after the third PRP application we decided to cancel the further 
planned PRP applications due to the patient’s complete lack of pain and the observed complete restitution of skin 
integrity. Wound images taken immediately before the application of autologous PRP and after three PRP treatments 
show the tremendous improvement (Figure 2).

OUTCOME AND FOLLOW-UP
Six months after the third PRP application, the patient was still fully mobile, free of pain, and returned to his normal 
activities, with no residual skin defects (Figures 3 and 4). He reported no pain and complete quality of life and mobility 
restitution.

DISCUSSION
Chronic wounds with poor response to conventional wound dressings and treatments are a relatively common healthcare 
problem and can pose a real clinical challenge. Autologous PRP treatment could impact the costs in chronic wound 
management.
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Figure 1 Platelet-rich plasma preparation technique. After centrifugation of 15 mL venous blood taken from the patient, approximately 5–6 mL of platelet-
rich plasma was obtained with the Arthrex ACP® Double-Syringe System under sterile conditions.

Figure 2 Wound images before and after the platelet-rich plasma treatment. A: Wound after the microbiological swab, showing physiological flora, and 
immediately before the platelet-rich plasma (PRP) treatment protocol. For size reference, a sterile cloth impression measuring 20 cm × 10 cm can be seen on the 
skin; B: Two weeks after the first application of autologous PRP, the wound had improved and was beginning to close from the proximal portion to distal. The wound 
was curved and extended from the middle of the lower leg to the proximal ankle; C: Two weeks after three PRP applications, a very good healing response was seen, 
with almost complete closure of the wound area.

Regenerative medicine in wound healing is a constantly developing area with novel strategies and PRP treatment as an 
important adjuvant biological therapy. Efficacy and safety are key factors for PRP usage, which is generally considered 
safe in autologous form. However, the lack of standardization and high-quality randomized controlled trials have been a 
matter of dispute[12,13]. PRP is used to treat a wide array of wound etiologies including diabetic, pressure ulcer, venous 
ulcer, surgical, or traumatic wounds, and wounds of other etiologies. As there are currently many case reports and series 
showing promising results, further evidence-based controlled clinical studies on the effectiveness of PRP are awaited 
with great interest[14-18].

There are different types of autologous PRP systems available on the market. Each preparation technique has different 
properties and specifications. Researchers are encouraged to state exactly which system was used in a study, so that 
further scientific analyses can be made. We used a preparation technique which removed white blood cells. A study 
comparing five different PRP preparation techniques in a single-donor model, including the Arthrex ACP®, showed 
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Figure 3 Healed wound at the follow-up appointment. Six months after the third autologous platelet-rich plasma injection, at the follow-up appointment, the 
patient was asymptomatic with preserved skin integrity in the former wound area. The chronic wound healed with complete restitution of the epithelial layer of the 
skin.

Figure 4 Case timeline. Overview of the wound management and course of treatment. PRP: Platelet-rich plasma.
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positive correlations between platelet dose and VEGF dose, PDGF dose, EGF dose, and TGF-β1 dose of growth factors. 
Significant biological variations from different PRP preparation systems were studied, which may explain the noted 
differences and variability in clinical benefits reported in the literature. Most products are prepared in an autologous 
manner, with only a few minor adverse effects reported after treatment protocols with PRP. Variability of PRP 
preparation systems makes it difficult to properly analyze adverse effects, but inflammatory reactions could be due to the 
residual living cells in products containing leukocytes and freshly used products. These types of products may exacerbate 
local inflammatory responses; however, PRP treatment is considered safe and has a low rate of adverse effects[19,20]. 
Leukocytes containing products are sometimes referred to as L-PRP in the literature. Some key features of PRP prepar-
ations are that we can distinguish between high-platelet dose systems (usually 5—9 times higher concentrations of 
platelets than in blood) and low-platelet dose systems (2.5—3 times higher concentration) like the Arthrex ACP® system. 
The Mini GPS III Platelet Concentration System (Zimmer Biomet, Warsaw, IN, United States) is referred to as a system 
with high-platelet dose; however, the Arthrex ACP®, Regen PRP (RegenLab, Brooklyn, NY, United States), and Selphyl 
System (Selphyl, Bethlehem, PA, United States) are low-platelet dose systems. The Mini GPS III and Regen PRP systems 
produce PRP with high leukocyte concentrations, as opposed to the Selphyl System and the Arthrex ACP® system[19,21]. 
We are interested in new systems that we can offer to our patients, and new bio formulations, especially those that offer 
autologous regenerative treatment covered by medical insurance or at a reasonable surcharge for the patient.

Our experience with PRP treatment in our institution is mostly related to orthopedic cases, such as intra-articular 
injections for degenerative knee disease; we have had positive experiences, high patient compliance, and good clinical 
feedback from these treatments. This patient is the first case of PRP treatment of a chronic wound in our institution, and 
while we were in the process of publishing this paper, we commenced treatment of other patients suffering from chronic 
wounds of different origins, for example, diabetic foot ulcers. We are currently exploring new options for our institution. 
We have been using the Arthrex ACP® system, which was the only system available in our hospital at the time. Such 
treatment was covered by social medical insurance at a state level for pain treatment, including pain from chronic 
wounds. We are open to exploring other PRP systems, if they can offer better quality product and a high clinical rate of 
success in treating our patients. In this case, we only used photograph documentation and VAS score measurement, but 
other factors like wound depth, localization, vascularization, and different comorbidities could be considered for further 
analysis.

Studies analyzed in a meta-analysis from 2022 showed no serious side effects of PRP treatment in chronic wound 
management. Most studies report no side effects. There were some reports of pain in the injection area, contact dermatitis, 
and maceration[22]. A case series from 2017 analyzed patients with chronic non-healing ulcers treated with autologous 
PRP. The treatment demonstrated safety and efficacy with a mean time of ulcer healing of 8.2 weeks. Of note, PRP 
treatment was found to have the potential to prevent lower-extremity amputations caused by non-healing wounds and 
their complications, but this needs to be assessed further[18]. Tsai et al[23] compared PRP and platelet-derived patches 
treatment vs traditional advanced wound dressings in patients with chronic wounds in their randomized controlled trial 
from 2019. A statistically significant clinical improvement was observed in the PRP group after only 2 weeks, and an 
improved overall treatment success was observed in patients with diabetes. Platelet-derived patches may be considered 
as an adjuvant to classic autologous PRP injections in the future[23]. PRP can also be combined with ablative lasers or 
microneedling for various types of atrophic scars, with evidence of safety and efficacy[24].

As an alternative to PRP treatment, our patient could have undergone hyperbaric oxygen therapy (HBOT). This type of 
treatment is beneficial for the treatment of hypoxic wounds and is available through many different healthcare providers. 
Absolute and relative contraindications, particularly those regarding restrictive and obstructive airway diseases, should 
also be considered when recommending HBOT treatment to patients[25]. HBOT is used in diabetic foot ulcer treatment, 
and enhances short term healing; however, the long term effects and reduction of risk for major amputations are still 
debatable[26,27].

Studies have presented interesting results for the application of PRP for chronic ulcers; however, the absence of precise 
clinical protocols and guidelines limit the extension of its use. There is a need for robust clinical trials to determine the 
most accurate indication and preferred method of obtaining PRP and application protocols. The international scientific 
community should be encouraged to review the present study and related articles to advance this area of research[12,28]. 
The literature offers some implications that delivering higher doses of growth factors may be effective[29], but there is 
little evidence of greater effectiveness in chronic wound management with higher PRP dose. Final bio formulations and 
biological properties of PRP are still not conclusive, and the full potential of PRP treatment remains to be determined. 
Scientific efforts to reveal explicit roles of thrombocytes, leukocytes, growth factors, mesenchymal stem cells, and cell-to-
cell interactions should be continued. The analgesic effects of PRP treatment should also be further assessed[30]. We are 
looking forward to well-documented clinical studies to establish the full potential of PRP treatment in wound healing and 
regenerative medicine.

CONCLUSION
Delayed wound healing and stable chronic wound patterns prone to complications are a clinical reality, usually with 
prolonged healing, high costs, and low-to-modest success rates. This case shows success of PRP application in achieving a 
complete skin integrity restitution in a long-standing, repeatedly infected chronic wound that did not respond to other 
conservative treatment modalities. Autologous PRP treatment may be a valuable, cost-effective alternative and possible 
adjuvant treatment for chronic wounds with poor healing tendency in selected patients. However, further research and 
standardization of protocols are urgently needed.



Dimova A et al. PRP treatment for chronic wounds

WJCC https://www.wjgnet.com 6642 November 26, 2024 Volume 12 Issue 33

FOOTNOTES
Author contributions: Dimova A and Boroš M conceived of and designed the study; Dimova A, Dimov S, and Svetec M acquired the 
data; Dimova A, Boroš M, and Konjevod J drafted the manuscript; All authors analyzed and interpreted the data, critically reviewed the 
manuscript for important intellectual content, gave approval of the version to be submitted, and agree to be accountable for all aspects of 
the work.

Informed consent statement: Written informed consent was obtained from the patient for publication of this case report and any 
accompanying images.

Conflict-of-interest statement: The authors declare no competing interests.

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was prepared and revised 
according to the CARE Checklist (2016).

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Croatia

ORCID number: Ana Dimova 0009-0007-4603-9567; Martin Boroš 0000-0002-0488-4398; Janja Konjevod 0009-0004-7426-7311.

S-Editor: Luo ML 
L-Editor: A 
P-Editor: Zheng XM

REFERENCES
1 Martin P, Nunan R. Cellular and molecular mechanisms of repair in acute and chronic wound healing. Br J Dermatol 2015; 173: 370-378 

[PMID: 26175283 DOI: 10.1111/bjd.13954]
2 Grose R, Werner S. Wound-healing studies in transgenic and knockout mice. Mol Biotechnol 2004; 28: 147-166 [PMID: 15477654 DOI: 

10.1385/MB:28:2:147]
3 Han G, Ceilley R. Chronic Wound Healing: A Review of Current Management and Treatments. Adv Ther 2017; 34: 599-610 [PMID: 

28108895 DOI: 10.1007/s12325-017-0478-y]
4 Alves R, Grimalt R. A Review of Platelet-Rich Plasma: History, Biology, Mechanism of Action, and Classification. Skin Appendage Disord 

2018; 4: 18-24 [PMID: 29457008 DOI: 10.1159/000477353]
5 Shively JA, Sullivan MP, Chiu JS. Transfusion of platelet concentrates prepared from acidified platelet-rich plasma. Transfusion 1966; 6: 302-

307 [PMID: 5229353 DOI: 10.1111/j.1537-2995.1966.tb04743.x]
6 Deng J, Yang M, Zhang X, Zhang H. Efficacy and safety of autologous platelet-rich plasma for diabetic foot ulcer healing: a systematic review 

and meta-analysis of randomized controlled trials. J Orthop Surg Res 2023; 18: 370 [PMID: 37202812 DOI: 10.1186/s13018-023-03854-x]
7 Sánchez-González DJ, Méndez-Bolaina E, Trejo-Bahena NI. Platelet-rich plasma peptides: key for regeneration. Int J Pept 2012; 2012: 

532519 [PMID: 22518192 DOI: 10.1155/2012/532519]
8 Werner S, Grose R. Regulation of wound healing by growth factors and cytokines. Physiol Rev 2003; 83: 835-870 [PMID: 12843410 DOI: 

10.1152/physrev.2003.83.3.835]
9 Gould L, Abadir P, Brem H, Carter M, Conner-Kerr T, Davidson J, DiPietro L, Falanga V, Fife C, Gardner S, Grice E, Harmon J, Hazzard 

WR, High KP, Houghton P, Jacobson N, Kirsner RS, Kovacs EJ, Margolis D, McFarland Horne F, Reed MJ, Sullivan DH, Thom S, Tomic-
Canic M, Walston J, Whitney JA, Williams J, Zieman S, Schmader K. Chronic wound repair and healing in older adults: current status and 
future research. J Am Geriatr Soc 2015; 63: 427-438 [PMID: 25753048 DOI: 10.1111/jgs.13332]

10 Burgess JL, Wyant WA, Abdo Abujamra B, Kirsner RS, Jozic I. Diabetic Wound-Healing Science. Medicina (Kaunas) 2021; 57: 1072 
[PMID: 34684109 DOI: 10.3390/medicina57101072]

11 Armstrong DG, Boulton AJM, Bus SA. Diabetic Foot Ulcers and Their Recurrence. N Engl J Med 2017; 376: 2367-2375 [PMID: 28614678 
DOI: 10.1056/NEJMra1615439]

12 Qu S, Hu Z, Zhang Y, Wang P, Li S, Huang S, Dong Y, Xu H, Rong Y, Zhu W, Tang B, Zhu J. Clinical Studies on Platelet-Rich Plasma 
Therapy for Chronic Cutaneous Ulcers: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Adv Wound Care (New 
Rochelle) 2022; 11: 56-69 [PMID: 33607926 DOI: 10.1089/wound.2020.1186]

13 Li L, Chen D, Wang C, Yuan N, Wang Y, He L, Yang Y, Chen L, Liu G, Li X, Ran X. Autologous platelet-rich gel for treatment of diabetic 
chronic refractory cutaneous ulcers: A prospective, randomized clinical trial. Wound Repair Regen 2015; 23: 495-505 [PMID: 25847503 DOI: 
10.1111/wrr.12294]

14 Carter MJ, Fylling CP, Parnell LK. Use of platelet rich plasma gel on wound healing: a systematic review and meta-analysis. Eplasty 2011; 
11: e38 [PMID: 22028946]

15 Oliveira BGRB, Carvalho MR, Ribeiro APL. Cost and effectiveness of Platelet Rich Plasma in the healing of varicose ulcer: Meta-analysis. 
Rev Bras Enferm 2020; 73: e20180981 [PMID: 32609173 DOI: 10.1590/0034-7167-2018-0981]

16 Gohar MM, Ali RF, Ismail KA, Ismail TA, Nosair NA. Assessment of the effect of platelet rich plasma on the healing of operated 
sacrococcygeal pilonidal sinus by lay-open technique: a randomized clinical trial. BMC Surg 2020; 20: 212 [PMID: 32962673 DOI: 
10.1186/s12893-020-00865-x]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0007-4603-9567
http://orcid.org/0009-0007-4603-9567
http://orcid.org/0000-0002-0488-4398
http://orcid.org/0000-0002-0488-4398
http://orcid.org/0009-0004-7426-7311
http://orcid.org/0009-0004-7426-7311
http://www.ncbi.nlm.nih.gov/pubmed/26175283
https://dx.doi.org/10.1111/bjd.13954
http://www.ncbi.nlm.nih.gov/pubmed/15477654
https://dx.doi.org/10.1385/MB:28:2:147
http://www.ncbi.nlm.nih.gov/pubmed/28108895
https://dx.doi.org/10.1007/s12325-017-0478-y
http://www.ncbi.nlm.nih.gov/pubmed/29457008
https://dx.doi.org/10.1159/000477353
http://www.ncbi.nlm.nih.gov/pubmed/5229353
https://dx.doi.org/10.1111/j.1537-2995.1966.tb04743.x
http://www.ncbi.nlm.nih.gov/pubmed/37202812
https://dx.doi.org/10.1186/s13018-023-03854-x
http://www.ncbi.nlm.nih.gov/pubmed/22518192
https://dx.doi.org/10.1155/2012/532519
http://www.ncbi.nlm.nih.gov/pubmed/12843410
https://dx.doi.org/10.1152/physrev.2003.83.3.835
http://www.ncbi.nlm.nih.gov/pubmed/25753048
https://dx.doi.org/10.1111/jgs.13332
http://www.ncbi.nlm.nih.gov/pubmed/34684109
https://dx.doi.org/10.3390/medicina57101072
http://www.ncbi.nlm.nih.gov/pubmed/28614678
https://dx.doi.org/10.1056/NEJMra1615439
http://www.ncbi.nlm.nih.gov/pubmed/33607926
https://dx.doi.org/10.1089/wound.2020.1186
http://www.ncbi.nlm.nih.gov/pubmed/25847503
https://dx.doi.org/10.1111/wrr.12294
http://www.ncbi.nlm.nih.gov/pubmed/22028946
http://www.ncbi.nlm.nih.gov/pubmed/32609173
https://dx.doi.org/10.1590/0034-7167-2018-0981
http://www.ncbi.nlm.nih.gov/pubmed/32962673
https://dx.doi.org/10.1186/s12893-020-00865-x


Dimova A et al. PRP treatment for chronic wounds

WJCC https://www.wjgnet.com 6643 November 26, 2024 Volume 12 Issue 33

17 Trull-Ahuir C, Sala D, Chismol-Abad J, Vila-Caballer M, Lisón JF. Efficacy of platelet-rich plasma as an adjuvant to surgical carpal ligament 
release: a prospective, randomized controlled clinical trial. Sci Rep 2020; 10: 2085 [PMID: 32034241 DOI: 10.1038/s41598-020-59113-0]

18 Suthar M, Gupta S, Bukhari S, Ponemone V. Treatment of chronic non-healing ulcers using autologous platelet rich plasma: a case series. J 
Biomed Sci 2017; 24: 16 [PMID: 28241824 DOI: 10.1186/s12929-017-0324-1]

19 Magalon J, Bausset O, Serratrice N, Giraudo L, Aboudou H, Veran J, Magalon G, Dignat-Georges F, Sabatier F. Characterization and 
comparison of 5 platelet-rich plasma preparations in a single-donor model. Arthroscopy 2014; 30: 629-638 [PMID: 24725317 DOI: 
10.1016/j.arthro.2014.02.020]

20 Acebes-Huerta A, Arias-Fernández T, Bernardo Á, Muñoz-Turrillas MC, Fernández-Fuertes J, Seghatchian J, Gutiérrez L. Platelet-derived 
bio-products: Classification update, applications, concerns and new perspectives. Transfus Apher Sci 2020; 59: 102716 [PMID: 31928859 DOI: 
10.1016/j.transci.2019.102716]

21 Pachito DV, Bagattini ÂM, de Almeida AM, Mendrone-Júnior A, Riera R. Technical Procedures for Preparation and Administration of 
Platelet-Rich Plasma and Related Products: A Scoping Review. Front Cell Dev Biol 2020; 8: 598816 [PMID: 33363154 DOI: 
10.3389/fcell.2020.598816]

22 Meznerics FA, Fehérvári P, Dembrovszky F, Kovács KD, Kemény LV, Csupor D, Hegyi P, Bánvölgyi A. Platelet-Rich Plasma in Chronic 
Wound Management: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. J Clin Med 2022; 11: 7532 [PMID: 36556151 
DOI: 10.3390/jcm11247532]

23 Tsai HC, Lehman CW, Chen CM. Use of platelet-rich plasma and platelet-derived patches to treat chronic wounds. J Wound Care 2019; 28: 
15-21 [PMID: 30625042 DOI: 10.12968/jowc.2019.28.1.15]

24 Ebrahimi Z, Alimohamadi Y, Janani M, Hejazi P, Kamali M, Goodarzi A. Platelet-rich plasma in the treatment of scars, to suggest or not to 
suggest? A systematic review and meta-analysis. J Tissue Eng Regen Med 2022; 16: 875-899 [PMID: 35795892 DOI: 10.1002/term.3338]

25 Oztürk F, Ermertcan AT, Inanir I. Hyperbaric oxygen therapy for the management of chronic wounds. Cutan Ocul Toxicol 2013; 32: 72-77 
[PMID: 22813097 DOI: 10.3109/15569527.2012.705407]

26 Kranke P, Bennett M, Roeckl-Wiedmann I, Debus S. Hyperbaric oxygen therapy for chronic wounds. Cochrane Database Syst Rev 2004; 
CD004123 [PMID: 15106239 DOI: 10.1002/14651858.CD004123.pub2]

27 Kranke P, Bennett MH, Martyn-St James M, Schnabel A, Debus SE, Weibel S. Hyperbaric oxygen therapy for chronic wounds. Cochrane 
Database Syst Rev 2015; 2015: CD004123 [PMID: 26106870 DOI: 10.1002/14651858.CD004123.pub4]

28 Gentile P, Garcovich S. Systematic Review-The Potential Implications of Different Platelet-Rich Plasma (PRP) Concentrations in 
Regenerative Medicine for Tissue Repair. Int J Mol Sci 2020; 21: 5702 [PMID: 32784862 DOI: 10.3390/ijms21165702]

29 Tao X, Aw AAL, Leeu JJ, Bin Abd Razak HR. Three Doses of Platelet-Rich Plasma Therapy Are More Effective Than One Dose of Platelet-
Rich Plasma in the Treatment of Knee Osteoarthritis: A Systematic Review and Meta-analysis. Arthroscopy 2023; 39: 2568-2576 [PMID: 
37236291 DOI: 10.1016/j.arthro.2023.05.018]

30 Everts P, Onishi K, Jayaram P, Lana JF, Mautner K. Platelet-Rich Plasma: New Performance Understandings and Therapeutic Considerations 
in 2020. Int J Mol Sci 2020; 21: 7794 [PMID: 33096812 DOI: 10.3390/ijms21207794]

http://www.ncbi.nlm.nih.gov/pubmed/32034241
https://dx.doi.org/10.1038/s41598-020-59113-0
http://www.ncbi.nlm.nih.gov/pubmed/28241824
https://dx.doi.org/10.1186/s12929-017-0324-1
http://www.ncbi.nlm.nih.gov/pubmed/24725317
https://dx.doi.org/10.1016/j.arthro.2014.02.020
http://www.ncbi.nlm.nih.gov/pubmed/31928859
https://dx.doi.org/10.1016/j.transci.2019.102716
http://www.ncbi.nlm.nih.gov/pubmed/33363154
https://dx.doi.org/10.3389/fcell.2020.598816
http://www.ncbi.nlm.nih.gov/pubmed/36556151
https://dx.doi.org/10.3390/jcm11247532
http://www.ncbi.nlm.nih.gov/pubmed/30625042
https://dx.doi.org/10.12968/jowc.2019.28.1.15
http://www.ncbi.nlm.nih.gov/pubmed/35795892
https://dx.doi.org/10.1002/term.3338
http://www.ncbi.nlm.nih.gov/pubmed/22813097
https://dx.doi.org/10.3109/15569527.2012.705407
http://www.ncbi.nlm.nih.gov/pubmed/15106239
https://dx.doi.org/10.1002/14651858.CD004123.pub2
http://www.ncbi.nlm.nih.gov/pubmed/26106870
https://dx.doi.org/10.1002/14651858.CD004123.pub4
http://www.ncbi.nlm.nih.gov/pubmed/32784862
https://dx.doi.org/10.3390/ijms21165702
http://www.ncbi.nlm.nih.gov/pubmed/37236291
https://dx.doi.org/10.1016/j.arthro.2023.05.018
http://www.ncbi.nlm.nih.gov/pubmed/33096812
https://dx.doi.org/10.3390/ijms21207794


WJCC https://www.wjgnet.com 6644 November 26, 2024 Volume 12 Issue 33

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2024 November 26; 12(33): 6644-6646

DOI: 10.12998/wjcc.v12.i33.6644 ISSN 2307-8960 (online)

LETTER TO THE EDITOR

Tricuspid mass-curious case of Li-Fraumeni syndrome: A letter to 
the editor

Mohammad S Al-Haggar, Zahraa A Abdelmoneim

Specialty type: Medicine, research 
and experimental

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B 
Novelty: Grade A 
Creativity or Innovation: Grade B 
Scientific Significance: Grade A

P-Reviewer: Wang XD

Received: March 6, 2024 
Revised: August 3, 2024 
Accepted: September 19, 2024 
Published online: November 26, 
2024 
Processing time: 204 Days and 19.3 
Hours

Mohammad S Al-Haggar, Department of Pediatrics and Genetics, Mansoura University 
Children's Hospital, Mansoura 35516, Egypt

Zahraa A Abdelmoneim, Department of Pediatrics, Genetic Unit, Mansoura University Children 
Hospital, Mansoura 35516, Egypt

Corresponding author: Zahraa A Abdelmoneim, MD, Lecturer, Department of Pediatrics, 
Genetic Unit, Mansoura University Children Hospital, EL Gomhoria Street, Mansoura 35516, 
Egypt. hzahraa211@gmail.com

Abstract
We focus specifically on the rare occurrence of cardiac thrombi in Li-Fraumeni 
syndrome (LFS). LFS is a hereditary risk to a diverse range of specific, uncommon, 
malignancies. Children and young adults have a heightened susceptibility to 
many malignancies, particularly soft-tissue and bone tumors, breast malignancies, 
central nervous system malignancies, adrenocortical carcinoma, and blood can-
cers. Additionally, LFS patients may experience other cancer types such as gastro-
intestinal, lung, kidney, thyroid, and skin cancers, along with those affecting 
gonadal organs (ovaries, testicles, and prostate). An accurate diagnosis of LFS is 
crucial to enable affected families to access appropriate genetic counseling and 
undergo surveillance for early cancer detection.

Key Words: Li-Fraumeni syndrome; Cancers; Cardiac thrombus; Genetic counseling; 
Surveillance
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Core Tip: Li-Fraumeni syndrome (LFS) is an inherited propensity to various distinct, 
frequently uncommon malignancies. Pediatric and adolescent age groups are more 
likely to acquire many malignancies, including soft-tissue and bone tumors, breast 
cancer, central nervous system cancers, adrenocortical carcinoma, and blood cancers. 
LFS individuals may also develop various types of cancer, including gastrointestinal, 
lung, kidney, thyroid, and skin cancers, as well as those affecting the gonadal organs. 
An accurate diagnosis of LFS is critical for afflicted families to receive appropriate 
genetic counseling and be monitored for early cancer detection.
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TO THE EDITOR
Li-Fraumeni syndrome (LFS) is linked to elevated susceptibility to a wide range of cancers occurring in all age groups[1]. 
Individuals with LFS face a lifelong cancer risk of at least 70% for men and over 90% for women. The most common 
malignancies in LFS include adrenocortical malignancies, breast malignancies, nervous system malignancies, bone 
malignancies, and soft-tissue malignancies. LFS is connected with an elevated occurrence of multiple cancer forms, 
including leukemia, lymphomas, gastrointestinal cancers, prenatal choriocarcinoma, and other reported malignancies[2,
3].

LFS diagnosis is confirmed when a proband fulfills all three traditional LFS criteria and/or presents a pathogenic (or 
likely pathogenic) germline variant in TP53 detected through molecular analysis. Typical LFS criteria (60%-80% show a 
germline TP53 harmful mutation)[2]: (1) A patient has a sarcoma diagnosed before the age of 45; (2) A first-degree relative 
has malignancy before the age of 45; and (3) A first- or second-degree relative has malignancy before 45, or with sarcoma 
at any age.

The Chompret criteria for clinical diagnosis of LFS has new diagnostic tools to detect diseased individuals in addition 
to the conventional items described before. Anyone with a personal and family history that fits one of the following three 
criteria may be diagnosed with LFS and tested for the TP53 gene mutation:

Criterion 1: A tumor from the LFS cancer spectrum diagnosed before the age of 46. This includes soft tissue sarcoma, 
bone tumor, pre-menopausal breast malignancy, central nervous system (CNS) cancer, adrenal cortical malignancy, blood 
cancer, and lung malignancy.

At least one first- or second-degree family member has an LFS-related cancer, with the exception of breast cancer if the 
individual is under the age of 56 or has several cancers.

Criterion 2: An individual with various cancers, excluding many breast malignancies, two of them are on the LFS 
cancer spectrum, and the first of them developed before the age of 46 (A case report).

Criterion 3: An individual has adrenocortical carcinoma or a malignancy in the choroid plexus, which is a membrane 
surrounding the brain, independent of family history.

Furthermore, individuals have anaplastic rhabdomyosarcoma, females with breast malignancy before the age of 31, 
and individuals have hypodiploid acute lymphoblastic leukemia and SHH medulloblastoma, regardless of family history, 
should be evaluated.

The documented case[1] involved a 30-year-old female patient with a background of multiple cancers meeting the 
criteria for LFS. She visited the cardio-oncology clinic after a heart tumor in the right ventricle was discovered with follow 
up echocardiogram, which was being performed to monitor two atrial septal defects. During her assessment, she reported 
no recent symptoms such as chest discomfort, palpitations, exertional dyspnea, orthopnea, or peripheral edema. Clinical 
examination revealed no signs of murmurs, arrhythmias, jugular venous distention, lung crepitation, or leg swelling. A 
transthoracic echocardiogram identified a 1 cm × 1 cm mass near the tricuspid valve. The patient subsequently had a 
cardiothoracic operation, during which a biopsy revealed a 2 cm mass on the posterior leaflet of the tricuspid valve with a 
slender stalk. The mass was excised from the stalk, and the specimen was found to be a large, structured thrombus 
without malignancy. Additionally, her atrial septal defects were repaired during the surgery. Her surgical repair was 
uncomplicated.

The case report[1] did not mention the exclusion or discussion of other potential causes of a cardiac thrombus, such as 
the type of chemotherapy that the patient received, history of central venous catheter insertion, or any additional 
symptoms or signs suggestive of infective endocarditis.

CLINICAL IMPLICATIONS
Diagnosing LFS necessitates regular oncological management and surveillance for malignancies to prevent their 
occurrence. Surveillance involves a thorough clinical assessment and imaging of the abdomen and pelvis every 3-4 
months from birth until age 18. Additionally, a yearly CNS examination and whole-body magnetic resonance imaging 
(MRI), including a brain MRI, are required at onset of diagnosis.

For patients 18 years and older, a clinical examination should be conducted every six months, with an annual imaging 
of the abdomen and pelvis and a skin examination. Females should undergo a physical breast assessment every 6-12 
months starting at age 20-25, an annual breast MRI starting at age 20-30, and a mammogram along with a breast MRI 
annually from age 30 to 75. Upper endoscopy and colonoscopy are needed every 2–5 years starting at age 25[4,5].

Genetic counseling is crucial, as LFS is inherited in an autosomal dominant pattern. Patients with LFS have inherited a 
TP53 harmful mutation from one parent, while 7-20% have a de novo TP53 pathogenic variant. Children of someone with 
an established LFS diagnosis (meeting typical LFS criteria or having a heterozygous germline TP53 harmful mutation) 
have a 50% chance of having the variant and the associated cancer risks. Predictive testing for at-risk family members, as 
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well as prenatal and preimplantation molecular analysis, are available if a TP53 germline harmful mutation is identified 
in the family[6].

LFS is an uncommon genetic condition that elevates the occurrence of various malignancies. Detecting this syndrome 
requires monitoring for additional malignancies and providing thorough genetic counseling to enable early diagnosis and 
treatment of cancers. The presence of intracardiac thrombus in such cases requires further confirmation by ruling out 
other causes of cardiac thrombi and through molecular testing.

FOOTNOTES
Author contributions: Al-Haggar MS revised the manuscript; Abdelmoneim ZA wrote the manuscript.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Egypt

ORCID number: Zahraa A Abdelmoneim 0009-0005-3632-6410.

S-Editor: Li L 
L-Editor: A 
P-Editor: Zheng XM

REFERENCES
1 Huffaker T, Pak S, Asif A, Otchere P. Tricuspid mass-curious case of Li-Fraumeni syndrome: A case report. World J Clin Cases 2024; 12: 

1936-1939 [PMID: 38660548 DOI: 10.12998/wjcc.v12.i11.1936]
2 Mai PL, Best AF, Peters JA, DeCastro RM, Khincha PP, Loud JT, Bremer RC, Rosenberg PS, Savage SA. Risks of first and subsequent 

cancers among TP53 mutation carriers in the National Cancer Institute Li-Fraumeni syndrome cohort. Cancer 2016; 122: 3673-3681 [PMID: 
27496084 DOI: 10.1002/cncr.30248]

3 Guha T, Malkin D. Inherited TP53 Mutations and the Li-Fraumeni Syndrome. Cold Spring Harb Perspect Med 2017; 7 [PMID: 28270529 
DOI: 10.1101/cshperspect.a026187]

4 Villani A, Shore A, Wasserman JD, Stephens D, Kim RH, Druker H, Gallinger B, Naumer A, Kohlmann W, Novokmet A, Tabori U, Tijerin 
M, Greer ML, Finlay JL, Schiffman JD, Malkin D. Biochemical and imaging surveillance in germline TP53 mutation carriers with Li-Fraumeni 
syndrome: 11 year follow-up of a prospective observational study. Lancet Oncol 2016; 17: 1295-1305 [PMID: 27501770 DOI: 
10.1016/S1470-2045(16)30249-2]

5 Kratz CP, Achatz MI, Brugières L, Frebourg T, Garber JE, Greer MC, Hansford JR, Janeway KA, Kohlmann WK, McGee R, Mullighan CG, 
Onel K, Pajtler KW, Pfister SM, Savage SA, Schiffman JD, Schneider KA, Strong LC, Evans DGR, Wasserman JD, Villani A, Malkin D. 
Cancer Screening Recommendations for Individuals with Li-Fraumeni Syndrome. Clin Cancer Res 2017; 23: e38-e45 [PMID: 28572266 DOI: 
10.1158/1078-0432.CCR-17-0408]

6 Khincha PP, Jones K, Teshome K, Hicks B, Mai PL, Savage SA. Abstract 4159: Gonadal mosaicism in a family withTP53-associated Li-
Fraumeni syndrome. Epidemiology 2019 [DOI: 10.1158/1538-7445.sabcs18-4159]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0005-3632-6410
http://orcid.org/0009-0005-3632-6410
http://www.ncbi.nlm.nih.gov/pubmed/38660548
https://dx.doi.org/10.12998/wjcc.v12.i11.1936
http://www.ncbi.nlm.nih.gov/pubmed/27496084
https://dx.doi.org/10.1002/cncr.30248
http://www.ncbi.nlm.nih.gov/pubmed/28270529
https://dx.doi.org/10.1101/cshperspect.a026187
http://www.ncbi.nlm.nih.gov/pubmed/27501770
https://dx.doi.org/10.1016/S1470-2045(16)30249-2
http://www.ncbi.nlm.nih.gov/pubmed/28572266
https://dx.doi.org/10.1158/1078-0432.CCR-17-0408
https://dx.doi.org/10.1158/1538-7445.sabcs18-4159


WJCC https://www.wjgnet.com 6647 November 26, 2024 Volume 12 Issue 33

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2024 November 26; 12(33): 6647-6649

DOI: 10.12998/wjcc.v12.i33.6647 ISSN 2307-8960 (online)

LETTER TO THE EDITOR

Secondary diabetes due to different etiologies: A problem worthy of 
attention

Zhao Wei, Xue-Jian Wang

Specialty type: Neurosciences

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C 
Novelty: Grade B 
Creativity or Innovation: Grade B 
Scientific Significance: Grade B

P-Reviewer: Zhang J

Received: April 21, 2024 
Revised: September 6, 2024 
Accepted: September 23, 2024 
Published online: November 26, 
2024 
Processing time: 158 Days and 18.1 
Hours

Zhao Wei, Xue-Jian Wang, Department of Neurosurgery, Affiliated Hospital 2 of Nantong 
University, Nantong 226000, Jiangsu Province, China

Co-first authors: Zhao Wei and Xue-Jian Wang.

Corresponding author: Xue-Jian Wang, MD, PhD, Doctor, Department of Neurosurgery, 
Affiliated Hospital 2 of Nantong University, No. 666 Shengli Road, Chongchuan District, 
Nantong 226000, Jiangsu Province, China. 6841441@163.com

Abstract
There are many factors in the occurrence of diabetes, which can result in insu-
fficient insulin secretion and insulin receptor resistance. Including pituitary tu-
mors, can also lead to the occurrence of diabetes, if the primary disease can not be 
well controlled in time, such secondary diabetes control is more difficult. In the 
process of clinical diagnosis and treatment, these factors need to be taken into 
account, timely detection and treatment of primary diseases, so as to reduce the 
possibility of clinical missed diagnosis.
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Core Tip: There are many factors in the occurrence of diabetes, which can result in 
insufficient insulin secretion and insulin receptor resistance. Including pituitary tumors, 
can also lead to the occurrence of diabetes, if the primary disease can not be well 
controlled in time, such secondary diabetes control is more difficult.
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TO THE EDITOR
In this editorial, we present our comments on the article by Song et al[1]. Secondary diabetes is a type of diabetes that has 
a specific cause and is often misdiagnosed clinically as the common type 2 diabetes, especially when it is caused by some 
rare diseases[2]. It does not stem from problems with islet function itself, as in primary diabetes. Common causes include 
endocrine diseases, the use of certain drugs, genetic factors, etc., such as Williams-Beuren syndrome[3], Prader-Willi 
syndrome[4], pituitary adenoma, and IGG4-related diseases[5]. Four patients are listed in the form of case reports. We 
have also treated patients with growth hormone adenomas with diabetes, and in the course of treatment, we found a 
correlation between the two.

SECONDARY DIABETES ASSOCIATED WITH PITUITARY TUMORS
Pituitary tumors may lead to secondary diabetes, such as growth hormone adenomas and adrenocorticotrophin 
adenomas are particularly responsible for this disease[6,7]. Most of the patients with growth hormone adenoma often 
have serious complications such as abnormal glucose metabolism, hypertension, myocardial hypertrophy and respiratory 
diseases when they are treated. In addition, other axial systems of the anterior pituitary gland, such as the destruction of 
the gonadal axis function, seriously affect the quality and life span of patients[8]. The main metabolic function of GH is 
lipolysis, increasing the free fatty acids in the blood, which compete with glucose for binding sites on the muscle, inhibit 
glucose uptake, and produce insulin resistance, insulin signal transduction disorder is one of the main reasons for insulin 
resistance in type 2 diabetes patients. In addition, GH stimulates gluconeogenesis and inhibits muscle glycogen synthase. 
Insulin resistance is a recognized risk factor for cardiovascular diseases. Hyperinsulinemia can increase the incidence of 
cardiovascular diseases and mortality in patients with acromegaly. Controlling the disease and improving glucose 
homeostasis can reduce the incidence of cardiovascular diseases. Compared with the general population, diabetes is more 
likely to occur in patients with acromegaly[9], and diabetes will increase the mortality of patients with acromegaly[10].

The above examples suggest that there are many sources of secondary diabetes and that it is highly harmful. For such 
diseases, a comprehensive consideration should be taken in the diagnosis, including the presence of other disease bases 
and manifestations, as well as blood sugar levels and other relevant indicators[11].

In addition, for the treatment of some diseases, especially somatogen pituitary tumors, it is required to complete the 
preoperative examination of pituitary tumors, and also to clarify the possibility of other complications such as blood 
sugar control[12]. Clinical advice is to strengthen the control of blood sugar and basically achieve normal surgery to 
prevent adverse consequences. However, due to abnormally high hormones, some patients may have obvious blood 
sugar fluctuations, and blood sugar is not easy to control, which requires the coordination and participation of endocrino-
logists, neurosurgeons and other departments[13].

CONCLUSION
To sum up, clinicians should pay attention to improve the examination for the diagnosis and treatment of diseases to 
prevent missed diagnosis and misdiagnosis. Only by giving patients a comprehensive diagnosis and treatment can we 
achieve better therapeutic effect.
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Core Tip: Medical education is never invariable, but it keeps pace with the times and is constantly influenced by multiple 
factors. Reviewing the past and analyzing the present of modern education and medical practice will help move forward 
better and faster in the new era. The emergence of new ideas, methodologies, and technologies has created opportunities for 
the development of medical education and also brought new concerns and challenges worthy of contemplation and 
continuous exploration by every researcher, administrator, and educator concerned about the reform and development of 
medical education.
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TO THE EDITOR
Medical education is significant in promoting the sustainable and healthy development of health care, the primary way to 
cultivate qualified medical workers, and makes decisive contributions to the level and quality of medical and health 
services in a country or region. In addition, medical education also promotes the innovation and development of medical 
and health care to adapt to the progress of society and the economy. Meanwhile, modern medical education is global, 
with worldwide efforts to implement competency-based reform and innovations to address the issues arising during the 
education process and to meet local and international healthcare needs[1].

We are very interested in the original article by Alzerwi[2]. We consider this a qualified and enlightening study, as the 
authors reviewed multiple reforms for medical education in Abraham Flexner's seminal 1910 report and the evolution of 
the medical education system since the 19th century, enumerated current problems in medical education (terming them 
as returning to the pre-Flexnerian state), emphasized the importance of basic science, and suggested a return to Flexner's 
recommendations. This article would undoubtedly stimulate more interest and attention in medical education among 
researchers and educators, help solve current problems, and further adapt to the new situation and needs of global health 
care and medical education.

PROPOSAL AND DEVELOPMENT OF THE FLEXNER REPORT
In the late 19th century, education in most American medical colleges was still solely focused on imparting students the 
practical application of existing medical knowledge. A series of pioneers and institutions, including The Johns Hopkins 
University and its School of Medicine, proposed the particularity of medical education and gave rise to scientifically 
based medical education[3].

More than a century ago, Abraham Flexner visited and investigated 155 medical schools and then released the famous 
"Herculean Report on Medical Education in the United States and Canada" to the public in June 1910[4]. Flexner's report 
made numerous recommendations for medical education, including a solid scientific basis and the applications of 
pedagogical methods, and therefore had a profound impact on the reform and practice of medical education[5]. Despite 
some controversy[6,7], the report ushered in a new era in modern medical education.

For over a century, Flexner's report has undoubtedly facilitated the reform and development of global medical 
education and laid a solid foundation for training higher-quality medical talents. In recent years, there have been varying 
declines in the number of clinical researchers, bedside teaching, and faculty-supervised patient interactions, and contrary 
increases in student absenteeism and working hours in front of a computer, as Alzerwi[2] mentioned.

While raising these worries above, we also recognize that medical practice in the current era is dramatically affected by 
many factors, such as data science, new medical technology, medical policy, and demographic changes, and therefore, 
medical education also needs to be adjusted accordingly[8]. Meanwhile, multiple challenges and opportunities have 
arisen for medical education after the coronavirus disease 2019 (COVID-19) pandemic, including the exploding 
application of information technology, the rapid development of interprofessional education, and increasing concerns 
about health disparities worldwide[9]. Review the past to understand the present. While there is no guarantee that the 
current medical education reform and evolution will solve all of today's problems, it is believed that we are in the right 
direction in the present and future, led by many pioneers, including Abraham Flexner.

CHALLENGES TO CURRENT MEDICAL EDUCATION
Challenges to current medical education are multifaceted, and their reasons vary. In addition to the shortage of clinical 
researchers, the decrease in bedside teaching, the increase in student absenteeism, and the weakening of the teachers' role, 
which Alzerwi[2] has already mentioned, current challenges also include the weak inclusion of medical humanities, the 
continuous emergence and multiple impacts of new educational methodologies, and the reshaping of medical education 
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and practice models by new technologies.
The first aspect to consider is insufficient medical humanities in current medical education. Although many would 

disagree and may point out that numerous medical schools worldwide have already added medical humanities to 
undergraduate curricula, there is no denying the subordinate role of medical humanities in current medical education
[10]. The current medical humanities education mainly acquires knowledge from humanities passively and lacks insight 
from medicine to humanities[11]. Not only that, even among medical humanities supporters, there is still a lack of 
consensus on the teaching content and pedagogy[12]. Meanwhile, although the importance of medical humanities in 
shaping students' empathy and positive values has been well acknowledged, medical interns may be confused by a series 
of disconnections between pre-clinical education and clinical practice, especially when witnessing compassion always 
outsourced to nurses. Therefore, the purpose of teaching medical humanities should not only be to introduce a specific 
known knowledge but to integrate medical humanities as a priority pattern of clinical thoughts and behaviors into 
medical students' future careers[13,14].

The second aspect is the emergence of various new pedagogical approaches and theories and their multiple impact. 
New teaching methodologies are mainly to adapt to the needs of medical and social developments. Although traditional 
teaching methods can help students learn medical concepts and theories comprehensively and systematically, they can 
neither satisfactorily consider the cultivation of practical ability and innovative thinking nor keep pace with the variation 
in global emerging diseases and education needs. In this context, a series of novel teaching methods, including problem-
based learning, case-based learning, and task-based learning, gradually came into being and have revealed a positive 
influence on medical education[15]. However, recent studies have also shown that these new teaching methodologies are 
only used in a subset of medical schools and, in most cases, only for a small proportion of students[16]. The reasons for 
this are manifold, not only because the new teaching methods may not be suitable for every district, medical school, and 
student but also because of insufficient funding, relatively cumbersome processes, extra burdens for educators, and their 
resistance to the new methodologies[17]. In online teaching and clinical simulation teaching[18,19], which have gradually 
emerged since the COVID-19 era, there are also situations similar to the above where progress caused by new methodo-
logies coexists with various influences that cannot be ignored. Therefore, we need not only to promote the latest methods 
to adapt to the needs of the new era and obtain better teaching results but also to carry out further research and 
continuously update these above methodologies.

The third aspect is new technologies reshaping medical education and practice models. First of all, the increasing 
applications of modern teaching platforms such as podcasts, social media, and video conferencing brought about by the 
development of digital technologies have made learning more attractive and interactive while also helping to overcome 
geographical constraints[20], which has been further developed since the times of COVID-19[21]. However, some 
researchers have claimed that digitizing medical education would reduce the difficulty of obtaining medical information 
and make medical professionals lazy and forgetful[22]. The next is the rapid development of artificial intelligence (AI) 
technology in recent years. AI can be applied in medical teaching implementation, teaching evaluation, and teaching 
feedback. Since AI technology has already and will continue to have a profound impact on medical practice in the future, 
medical education should pay more attention to the combination of man and machine in medical teaching and training 
and accordingly integrate AI technology into current education so that future medical professionals can better improve 
learning ability and clinical performance[23]. Although recent surveys have shown that most students hold positive 
perceptions of AI[24], the appropriate level of AI education for varied medical students may be a difficult decision for 
medical schools and educators[25]. Technological progress is a double-edged sword, and fear is understandable. 
However, resistance can not stop the pace of continuous technical development; only the brave embrace of new 
technology can help us remain irreplaceable in the unknown future.

In addition to these above challenges, there are still more unsolved problems, such as imperfect education systems, 
uneven education resources, lack of teaching team construction, unsatisfactory quality of student training, deficient 
training capacity for major infectious diseases, insufficient integration of multi-disciplines, and declining senses of profes-
sional honor. Although there seem to be plenty of problems, finding problems is the premise of analyzing and solving 
them, and it is also the only way to improve and progress medical education. Overall, we should have complete 
confidence in the future.

OPPORTUNITIES AND FUTURE PATH
Reference Citation Analysis (RCA, https://www.referencecitationanalysis.com/) is a unique artificial intelligence system 
for citation evaluation of biomedical literature. RCA was employed to analyze previous studies on medical education 
reform up to December 2023. Database retrieval has revealed that the published literature on medical education reform in 
the past five years has far exceeded those in the first decade of the 21st century. With the rapid development of high and 
new technology, the research of medical education reform has also ushered in a new peak. Where is the future of medical 
education headed?

It is foreseeable that medical education will usher in another remarkable development, especially with the application 
of artificial intelligence, virtual reality, telemedicine, and other technologies[26], providing more opportunities and 
possibilities for medical education. At the same time, international cooperation in medical education will be further 
strengthened along with the trend of globalization[27]. The world's advanced medical education concepts and methodo-
logies will be promoted and applied more quickly than ever, contributing to the reasonable distribution of global medical 
education resources. Countries and regions worldwide will also continue to increase policy support and financial 
investment in medical education and create a suitable environment for the further development of medical education[28].

https://www.referencecitationanalysis.com/
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However, the path to the foreseeable future is uncertain and not unique. A timely review of the incompatibility 
between Flexner's recommendations and the current education practice is necessary and an important guarantee to 
continue the rapid development of medical education for more than a century. Meanwhile, we should recognize that 
reviewing the past is not for the sake of being confined to the past but for the sake of new development. It is also 
necessary to effectively combine the current world economic and social development and the updated medical practice 
needs, boldly innovate in the land of medical education practice, "plant new trees" with new methodologies and bear 
fresh fruits of development in the new era. In addition, the problem of student absenteeism mentioned in Alzerwi[2]’s 
article may not become a problem as medical schools may reduce their non-unique pre-clinical classroom training in the 
future[29]. In the meantime, although the specific development process may vary markedly in different regions[30], 
insufficient bedside teaching mentioned by Alzerwi[2] may also be alleviated with the popularization of artificial 
intelligence and virtual simulation teaching technology[31].

CONCLUSION
In the current coexistence of problems and opportunities, medical education in the new era has ushered in a unique and 
profound development opportunity. Under the updated medical needs requirements, with the help of high-tech and new 
teaching methodologies, medical education reform will go faster and better based on our predecessors.
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Abstract
By critically examining the work, we conducted a comprehensive bibliometric 
analysis on the role of nuclear factor erythroid 2-related factor 2 (NRF2) in ner-
vous system diseases. We also proposed suggestions for future bibliometric 
studies, including the integration of multiple websites, analytical tools, and 
analytical approaches, The findings presented provide compelling evidence that 
ferroptosis is closely associated with the therapeutic challenges of nervous system 
diseases. Targeted modulation of NRF2 to regulate ferroptosis holds substantial 
potential for effectively treating these diseases. Future NRF2-related research 
should not only focus on discovering new drugs but also on designing rational 
drug delivery systems. In particular, nanocarriers offer substantial potential for 
facilitating the clinical translation of NRF2 research and addressing existing issues 
related to NRF2-related drugs.
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factor 2; Ferroptosis; Target

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Based on the original paper, this study highlights two primary points: Biblio-
metric methodologies and future perspectives for nuclear factor erythroid 2-related 
factor 2 (NRF2) research. We emphasize the need for broader literature databases and 
diversified analysis methods in bibliometric research. Additionally, we highlight the 
importance of NRF2 modulation in regulating ferroptosis for treating nervous system 
diseases and discuss how nanoparticle drug delivery systems may overcome challenges 
associated with NRF2-related drugs.
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TO THE EDITOR
We have thoroughly examined the high-quality bibliometric study by Chang et al[1], published in the high-impact 
journal, World Journal of Clinical Cases. In this study, a bibliometric analysis of the literature was conducted to provide a 
comprehensive overview of trends in evolutionary research trends on nuclear factor erythroid 2-related factor 2 (NRF2) in 
the nervous system disease, including focal points, frontiers, and potential future directions. The main content of the 
study is summarized in Table 1.

Herein, we critically analyze the paper by Chang et al[1] focusing on two aspects, i.e., bibliometric methodologies and 
future perspectives, to stimulate constructive discussion in clinical and basic research communities. It will be our great 
pleasure to receive a response from the author team soon.

BIBLIOMETRIC METHODOLOGIES
The conceptualization and design of the bibliometric study were acceptable. The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guideline-followed recruitment approach was illustrated. The analyzed results were 
relatively convincing and the discussion was appealing. The obtained findings can serve as a reference for future research 
on neurological diseases.

Chang et al[1] commented on the limitations of their study. Based on this, we suggest the following for future biblio-
metric studies.

Incorporating data from a broader spectrum of literature
First, it is suggested to expand the range of literature databases used. Although the Web of Science Core Collection is 
highly trusted, other major databases such as Scopus, PubMed, and Google Scholar are recommended for cross-
comparison. Second, the diversity of the TS can be improved including core clinical topics from the published literature 
on nervous system disorders. Using these approaches will provide access to a wider range of sources and diverse 
literature, enhancing the comprehensiveness and credibility of bibliometric analyses.

Acquiring more bibliometric information
Additional bibliometric tools and various bibliometric analytical methods can be used. Besides CiteSpace, other important 
software or online platforms like VOSviewer, SATI, HistCite, can be utilized for indicator analysis and visual repres-
entation. Additionally, statistical analysis and co-word analysis can be conducted alongside citation and cluster analyses 
to gain deeper insights.

Enhancing the dimensions of the discussion on the results
The integration of strengths, weaknesses, opportunities, and threats (SWOT) analysis is an effective approach. SWOT 
analysis includes problem diagnosis and prescription. Through a comprehensive analysis of internal and external factors, 
SWOT analysis assists in identifying the research object's current capabilities and potential for further development[2]. 
This analysis has been comprehensively applied in medical and biomedical sciences[3,4]. The inclusion of SWOT analysis 
can offer more valuable information and implications to the status quo and future directions in these fields of research.

By incorporating a broader spectrum of literature, acquiring more bibliometric information, and enhancing the 
dimensions of the discussion on the results, bibliometric investigations will become more informative.

FUTURE PERSPECTIVES
Importantly, as revealed by the study focus and frontiers in the original paper, the regulation of ferroptosis by NRF2 in 
nervous system cells has been a research hotspot in this field. NRF2 was first reported to participate in ferroptosis 
regulation by Sun et al[5] in 2016. In the study, the p62-Keap1-NRF2 antioxidative signaling pathway was identified as a 
crucial negative regulator of ferroptosis in hepatocellular carcinoma cells, exerting its effect through the transcriptional 
activation of genes involved in reactive oxygen species and iron metabolism. Up to now, ferroptosis has been shown to 
play an important role not only in the treatment of nervous system diseases but also in various cancer types. The 
regulatory pathways associated with NRF2 in diverse diseases have been widely examined and can be summarized as 
follows.

https://www.wjgnet.com/2307-8960/full/v12/i33/6655.htm
https://dx.doi.org/10.12998/wjcc.v12.i33.6655


Huang YQ et al. Targeting NRF2-regulated ferroptosis to treat NSD

WJCC https://www.wjgnet.com 6657 November 26, 2024 Volume 12 Issue 33

Table 1 Main content of the original paper

Item Details

Background NRF2, a pivotal transcription factor in the antioxidant network, has been reported to play a crucial role in nervous system diseases. 
susceptible to oxidative damage. Consequently, the regulatory capacity of NRF2 and its potential clinical applications in these diseases have 
generated increasing interest in the scientific community

Methods Data were gathered through a systematic review of the literature on NRF2 and nervous system diseases from the Web of Science Core 
Collection database and used the bibliometric tool CiteSpace for analysis

Results Recent years have seen a rise in NRF2-related literature on nervous system diseases, with China holding a dominant position in terms of 
article publications, financial investments, and the number of authors with the highest publication records. NRF2 research hotspots have 
evolved from focusing solely on antioxidants to include anti-apoptosis and active ferroptosis

Conclusion China should prioritize enhancing the quality and impact of research articles. Research on NRF2 in nervous system diseases has expanded 
to encompass various cell death mechanisms. Further clinical investigations of NRF2-related medications are necessary

NRF2: Nuclear factor erythroid 2-related factor 2.

Antioxidative activities
The NRF2 signaling pathway is intricately associated with multiple pathways involved in oxidoreductase synthesis, 
which plays an overlooked role in the process of ferroptosis. Specifically, the downstream targets of NRF2 encompass 
nicotinamide adenine dinucleotide phosphate [NAD(P)H] quinone oxidoreductase 1, heme oxygenase-1 (HO-1), solute 
carrier family 7 membrane 11, NAD(P)H quinone oxidoreductase 1, thioredoxin 1, phase II detoxifying enzymes, and 
various multidrug resistance-associated transporters[6,7].

Iron homeostasis
Notably, NRF2 plays a crucial role in maintaining iron homeostasis, thereby influencing cell susceptibility to ferroptosis 
through its impact on free radical generation and lipid peroxidation[8]. For instance, NRF2 has been reported to control 
HERC2 (E3 ubiquitin ligase for nuclear receptor coactivator 4 and F-box/LRR-repeat protein 5), and vesicle-associated 
membrane proteins 8 (which mediates autophagosome-lysosome fusion) for the maintenance of iron homeostasis[9]. 
Additionally, various iron-related proteins such as ferritin, transferrin receptor, ferroportin, and HO-1 have been shown 
to be with NRF2[10,11]. In a nutshell, NRF2 is an inhibitor of ferroptosis.

The elucidation of the above-mentioned regulatory mechanisms contributes to a deeper understanding of NRF2’s role 
in nervous system diseases. It is well documented that multiple nervous system diseases, such as central nervous system 
injury (ischemic stroke, hemorrhage, and spinal cord injury)[12], neurodegenerative disease, such as Huntington’s 
disease, Alzheimer’s disease, Parkinson’s disease, and amyotrophic lateral sclerosis[13], and the brain cancers[14] are 
closely related to upregulated ferroptosis processes. For instance, the induction of ferroptosis has been shown to 
effectively suppress glioblastoma cells through the downregulation of the protein kinase B/mammalian target of 
rapamycin complex 1/glutathione peroxidase 4 signaling pathway in the study by Cai et al[15] in 2023. Suppressing the 
ferroptosis level in damaged cells is a reasonable and promising strategy to manage the above-mentioned nervous system 
diseases.

From this point of view, to upregulate NRF2 expression, by downregulating the expression of NRF2 competition 
factors like bric-a-brac and cap-n-collar homology 1[16], or activate the NRF2-involved signaling pathways, e.g. vitamin D 
receptor/NRF2/HO-1 pathway[17], Keap1-NRF2-ARE pathway[18], will become a ferroptosis-targeted therapy for 
nervous system diseases. Numerous NRF2 activators have entered clinical trials, highlighting their potential therapeutic 
applications[19]. Dimethyl fumarate (DMF), which has demonstrated the ability to induce NRF2 activation within the 
central nervous system, has been approved for psoriasis treatment[20]. Additionally, another NRF2 agonist, cyanoenone 
triterpenoid RTA-408 (omaveloxolone), was reported in a phase 2 randomized clinical trial to be well tolerated and to 
enhance neurological function when administered at a dosage of 160 mg/day over 12 weeks[21]. These findings 
underscore the significant clinical value of targeted NRF2 therapy and its growing prominence in research. To achieve the 
above targeted therapy, the utilization of various drugs, consistent with the findings of Chang et al[1], particularly, 
bioactive compounds from traditional Chinese medicine has been documented in relevant research. For instance, 
Salidroside[22], Forsythoside A[23], DMFs[24], Trehalose[25], Berberine[26], etc., and exerted promising activities.

Furthermore, sophisticated nanocarriers can be designed to deliver the corresponding therapeutics to enhance the 
efficacy of ferroptosis-targeted therapy for nervous system diseases. Nanocarriers, e.g., lipid nanoparticles (e.g. 
liposomes), polymeric nanoparticles (e.g. polymeric micelles), and protein nanoparticles (e.g. albumin-based 
nanoparticles) (Figure 1), are versatile vesicles that are attracting attention from the clinic, industry, and laboratory. 
Appropriately designed nanocarriers can enhance the stability[27], bioavailability[28], and targetability[29] of 
encapsulated therapeutic agents, which are largely beneficial for treating nervous system diseases. For instance, Liu et al
[30] designed a quercetin-modified ultrasmall Cu2-xSe antioxidative nanoparticles (CSPQ) to boost Parkinson's disease 
therapy by activating NRF2. Moreover, previous research on CSPQ by the same authors demonstrated the successful 
targeting of microglia by coating the nanoparticle with a dopaminergic neuron cell membrane[31]. Gai et al[32] prepared 
folate-modified liposome nanoparticles for the targeted co-delivery of erastin and putative metallothionein (to inhibit 
NRF2 expression) to enhance the bioavailability and efficiency of the drug/gene combination. These studies demonstrate 
the potential of nanoparticle drug delivery systems for precise and effective modulation of NRF2 signal pathways.
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Figure 1  Illustration of representative lipid nanoparticles, polymeric nanoparticles, and protein nanoparticles.

CONCLUSION
We predict that the NRF2 regulation can effectively modulate ferroptosis levels, which are closely associated with 
nervous system diseases, thereby facilitating the treatment of related disorders. Nanoparticle drug delivery systems are 
expected to enhance the bioavailability, targetability, and stability of NRF2-related drugs, thereby facilitating the clinical 
translation of relevant research. In our ongoing studies examining the involvement of NRF2 in a wide range of critical 
signaling pathways within the human body, we plan to explore the potential of the co-delivery of NRF2-related drugs in 
combination with other ferroptosis-regulating drugs. We hypothesize that this strategy will enhance cellular drug 
sensitivity, which exhibits limited efficacy across various tumor cell types. Additionally, NRF2 regulation has 
demonstrated potential therapeutic efficacy against neurological disorders; however, the treatment of these diseases 
inevitably encounters delivery challenges such as the blood brain barrier. We envision achieving precise and efficient 
regulation of NRF2 at specific sites by employing rational bioengineering design strategies for delivery systems, 
including the utilization of bionic "hitchhiking" mechanisms and charge-mediated penetration capabilities.
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Abstract
The article demonstrates that health belief model (HBM)-based health education 
in hypertensive patients effectively improves blood pressure control and 
medication adherence at 3 months and 6 months. The HBM addresses perceived 
barriers, benefits, susceptibility, severity, and self-efficacy, leading to better health 
behaviors. HBM-based education has been effective in various contexts, including 
managing chronic diseases, promoting cancer screenings, and preventing infec-
tious diseases. However, the model has limitations, such as cultural applicability 
and addressing complex health behaviors influenced by environmental factors. 
Future research should integrate HBM with other theories and conduct longit-
udinal studies to assess long-term impacts. Despite these limitations, HBM-based 
education significantly improves patient outcomes, highlighting its potential in 
health education and promotion when appropriately adapted and implemented. 
This reinforces the model's value in designing effective health interventions and 
advancing public health.
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Core Tip: Improving health outcomes involves boosting patient self-efficacy and highlighting the benefits of healthy 
behaviors. Additionally, addressing and reducing perceived barriers makes it easier for patients to engage in and maintain 
healthy behaviors. For a more effective health education framework, utilizing comprehensive interventions that combine the 
health belief model with other behavioral theories and various educational methods is essential.
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TO THE EDITOR
We read the article by Wang et al[1] with great interest. The authors implemented health education based on the health 
belief model (HBM) in hypertensive patients, finding that at 3 months and 6 months, the intervention group had lower 
systolic and diastolic blood pressures and higher medication adherence compared to the control group. Additionally, 
perceived barriers were lower, while self-efficacy, perceived benefits, susceptibility, and severity were higher in the 
intervention group. The initial three months of health education included lectures, brochures, videos, and counseling 
sessions.

HEALTH EDUCATION CAN EASILY BE NEGLECTED IN A BUSY OUTPATIENT SETTING
While not all patients adhere to health behaviors due to education, it remains an essential intervention for almost all 
diseases. Some adhere to health behaviors well, but why do others not engage in healthy behaviors despite knowing their 
benefits? The HBM is used to explain this phenomenon. It was developed by social psychologists at the United States 
Public Health Service in the 1950s to understand why people do not participate in disease prevention programs or early 
detection screenings[2]. As Wang et al[1] investigated, HBM includes several sub-factors: (1) Perceived susceptibility; (2) 
Perceived severity; (3) Perceived benefits; (4) Perceived barriers; and (5) Self-efficacy. Perceived susceptibility is the 
degree to which one feels at risk of a disease, and perceived severity is the perceived seriousness of contracting or leaving 
a disease untreated. Perceived benefits refer to the perceived advantages of a specific health behavior, and perceived 
barriers are the perceived obstacles to performing a health behavior. Self-efficacy is the individual's belief in their ability 
to produce a specific outcome[2]. In short, the HBM posits that cognition plays a crucial role in decision-making, 
triggering expectations about the outcomes of certain behaviors. People are more likely to engage in health behaviors 
when they believe they are at high risk for a health issue, the health issue will have severe consequences, the behavior 
will reduce the risk or severity, the benefits outweigh the barriers, and they have internal or external cues and confidence 
to perform the behavior. In this context, motivational interviewing, personalized education plans, and digital health tools 
for reminders and encouragement may be effective strategies for enhancing patient engagement and adherence. Wang et 
al[1] implemented health education based on these principles, resulting in successful outcomes.

The implications of the study by Wang et al[1] highlight the significance of structured health education in clinical 
practice. By utilizing the HBM framework, the study effectively demonstrates how targeted interventions can lead to 
measurable improvements in health outcomes. For instance, the observed reductions in systolic and diastolic blood 
pressures among the intervention group underscore the potential for HBM-based education to mitigate cardiovascular 
risks in hypertensive patients. This finding is particularly relevant in the context of managing chronic conditions, where 
patient adherence to prescribed health behaviors is critical for long-term disease management. Moreover, the study's 
approach to reducing perceived barriers while enhancing self-efficacy and perceived benefits is noteworthy. These 
elements are central to the HBM and play a pivotal role in influencing health behaviors. The intervention's success in 
these areas suggests that health educators should prioritize these factors when designing educational programs. By 
addressing patients' perceived barriers and boosting their confidence in managing their health, educators can foster a 
more proactive approach to disease prevention and management.

Randomized clinical trials using HBM-based interventions have been conducted not only for chronic diseases, cancer 
screenings, and infectious disease screenings but also to induce lifestyle changes or improve medication adherence in 
those with diseases. For example, in diabetic patients, the intervention group that received HBM-based education showed 
significant improvements in metabolic and glycemic profiles compared to the control group[3]. HBM-based education has 
been demonstrably effective in promoting cancer screenings, including those for colorectal[4], breast[5], oral[6], and 
cervical cancer[7]. Similarly, it has been utilized for infectious disease prevention education, such as infant screening in 
human immunodeficiency virus-infected pregnant women[8] or tuberculosis screening[9]. Additionally, it has shown 
promise in inducing lifestyle changes in patients with non-alcoholic fatty liver disease[10] and hypertension[11]. 
Furthermore, HBM-based education has been beneficial for improving medication adherence in stroke survivors[12] and 
tuberculosis patients[13]. It has also proven valuable in preventive approaches, such as secondhand smoke prevention 
education for pregnant women[14] and human papillomavirus vaccination promotion[15].
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The versatility of the HBM in diverse health contexts highlights its broad applicability. However, it is essential to 
acknowledge the model's limitations to enhance its effectiveness further. Since the HBM was developed in the 1950s 
within the limited cultural context of the United States, there are concerns about its applicability across different races, 
societies, and cultures, given the potential differences in beliefs and values. It has also been shown to be less effective for 
behaviors requiring long-term change influenced by emotional and motivational factors, such as those related to mental 
health. Moreover, complex health behaviors like smoking or obesity, influenced by environmental, social, and economic 
factors, may not be adequately addressed by the HBM's focus on individual perceptions and beliefs. Additionally, by 
placing responsibility on individual perceptions and actions, the HBM may inadvertently promote a culture of blame or 
stigmatization, negatively impacting individuals. Despite these limitations, appropriate HBM-based educational 
interventions, as demonstrated by Wang et al[1], can positively impact patient outcomes in most clinical situations. This 
reinforces the model's potential when appropriately adapted and implemented, highlighting its value in health education 
and promotion. Effective application of HBM to diverse populations requires culturally sensitive education, tailored 
health messages, trust-building with local leaders, culturally relevant practices, and collaboration with local healthcare 
providers.

Future research should focus on integrating the HBM with other behavioral theories to address its limitations. For 
instance, combining the HBM with models emphasizing social and environmental health determinants could provide a 
more comprehensive framework for designing interventions. While integrating these models is a well-established 
practice in behavioral science, how they are combined and applied offers potential for new applications. One example is 
the integration of the HBM with the theory of planned behavior (TPB)[16] and social cognitive theory (SCT)[17]. HBM 
addresses perceived barriers and benefits, TPB focuses on behavioral intentions, and SCT builds self-efficacy. Thus, the 
proposed framework would use HBM to address beliefs about health risks and SCT to develop skills and confidence to 
adopt healthy behaviors. This combined approach could further enhance the effectiveness of health education 
interventions in clinical settings.

Additionally, the socio-ecological model[18], which considers community, social, and economic factors, may more 
effectively address the social determinants of health in managing chronic diseases such as hypertension. Furthermore, 
longitudinal studies are needed to assess the long-term impact of HBM-based education on health behaviors and 
outcomes, such as behavior change, medication adherence, and blood pressure control. To maintain participant 
motivation, researchers may implement strategies such as follow-up reminders, real-time data updates, and micro-
rewards. Emerging technologies, including wearable devices, virtual reality, artificial intelligence, and online support 
groups, could provide feedback and foster engagement throughout the study duration. By expanding the evidence base 
and refining the model, researchers can develop more effective strategies to promote health and prevent disease across 
diverse populations.

CONCLUSION
The study by Wang et al[1] illustrates the practical application of the HBM in improving health outcomes through 
structured education. While the HBM has limitations, its core principles offer valuable insights into designing effective 
health interventions. By addressing perceived barriers, enhancing self-efficacy, and highlighting the benefits of health 
behaviors, educators can motivate patients to adopt and maintain healthier lifestyles. As healthcare continues to evolve, 
integrating the HBM with other theoretical models and adapting it to various cultural contexts will be crucial for 
advancing public health and improving patient care.
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