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Abstract
Protein C (PC) is a key component of the vitamin K-dependent coagulation 
pathway. It exerts anticoagulant effects by inactivating factors V and VIII. 
Acquired or inherited PC deficiency results in a prothrombotic state, with present-
ations varying from asymptomatic to venous thromboembolism. However, there 
has been an increasing number of reports linking PC deficiency to arterial 
thromboembolic events, such as myocardial infarction and ischemic stroke. This 
editorial focuses on the association between PC deficiency and thromboembolism, 
which may provide some insights for treatment strategy and scientific research.

Key Words: Protein C deficiency; Venous thromboembolism; Myocardial infarction; 
Editorial; Arterial thromboembolism
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Core Tip: Protein C (PC) deficiency impairs the balance between the procoagulant and 
anticoagulant system, which results in venous thromboembolism. However, there has 
been an increasing number of reports linking the condition to arterial thromboembolic 
events. A thorough understanding of PC deficiency is essential for the development of 
new management strategies against PC deficiency-related thromboembolism events.
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INTRODUCTION
In this editorial, we comment on the case report by Seo et al[1] published in the recent issue of the World Journal of Clinical 
Cases. The authors presented a case of unprovoked pulmonary thromboembolism and deep vein thrombosis followed 9 
month later by acute myocardial infarction without any underlying major risk factors for atherosclerosis cardiovascular 
disease, which possesses important clinical implication[1]. Therefore, in this editorial, we discuss the biology and 
pathophysiology of protein C (PC) and PC deficiency-related venous and arterial thromboembolism (ATE), as well as 
treatment strategy.

PC AND PC DEFICIENCY
PC is a vitamin K-dependent proenzyme that is synthesized in hepatocytes and circulates in the blood as an inactive 
zymogen[2]. Thrombin with thrombomodulin cleaves PC, converting it into its activated form, activated PC (APC). Along 
with its co-factor protein S, APC inhibits thrombin generation by inactivating activated factors V (Va) and VIII (VIIIa)[3]. 
Both factors Va and VIIIa are required for factor X activation, which then converts prothrombin to thrombin. Factors Va 
and VIIIa act as substrates for APC, which irreversibly inactivates them through proteolytic activity on cleavage sites, 
thereby inhibiting their pro-coagulant effect (Figure 1)[4]. In addition to its anticoagulant function, APC also exhibits 
potent cyto-protective and anti-inflammatory effects and has indirect fibrinolytic properties[5].

A PC deficiency impairs the balance between the procoagulant and anticoagulant system and engenders a 
prothrombotic state. The etiology of PC deficiency may be genetic (heterozygous or homozygous) or acquired, the latter 
often due to vitamin K antagonist therapy or liver disease. Hereditary PC deficiency is caused by mutation in the protein 
C (PROC) gene located on chromosome 2q14.3[5]. It has been reported that more than 500 mutations identified 
throughout the PROC gene length may lead to inherited PC deficiency. The molecular basis of inherited PC deficiency is 
complicated, as results from a recent study demonstrated that nucleotide variations in the signal peptide and propeptide 
of PC lead to PC deficiency by differentially affecting the biological process of PC, including posttranscriptional pre-
mRNA splicing, translation, and post-translational modifications[6]. Heterozygous PC deficiency is estimated to occur in 
0.02%-0.05% of the general population, whereas homozygous PC deficiency is much rarer and can lead to disseminated 
intravascular coagulation, thrombosis and purpura fulminans that often appears within hours or days after birth[7]. Most 
cases of inherited PC deficiency in clinical practice are heterozygous deficiencies, with presentations varying from 
asymptomatic to thromboembolism events.

PC DEFICIENCY AND VENOUS THROMBOEMBOLISM
Venous thromboembolism (VTE) represents the cardinal clinical manifestation of heterozygous PC deficiency. It has been 
reported that patients with PC deficiency have a 10- to 15-fold higher risk of VTE than wild-type individuals, and nearly 
5% of patients with VTE may have heterozygous PC deficiency[8,9]. The risk of VTE among patients with PC deficiency 
varies, which may be related to both the degree of deficiency and the presence of other acquired or inherited risk factors 
for thrombosis, such as fracture, immobilization, and surgery. Additionally, a 38% recurrence rate of VTE among patients 
with PC deficiency and prior VTE has been reported[10]. Therefore, evaluation of PC deficiency should be considered in 
patients with recurrent VTE.

PC DEFICIENCY AND ATE
Compared to the established association between PC deficiency and VTE, the relationship with ATE remain controversial. 
A previously large family cohort study has observed a 6.9-fold (95%CI: 2.1-22.2) higher risk of ATE among patients with 
PC before 55 years of age[11]. PC deficiency was also observed in 12% of reported cases of myocardial infarction with 
normal coronary arteries[12]. Besides, as seen in the case reported by Seo et al[1], most of the evidence linking PC 
deficiency to ATE events stems from case reports[7,13]. However, some studies failed to identify the association between 
PC deficiency and ATE[4]. Therefore, to address the knowledge gap, further large-scale studies are required to investigate 
the effects of PC deficiency on ATE and explore the underlying mechanisms.

MANAGEMENT OF PC DEFICIENCY
The management of PC deficiency are mostly based on previously reported cases and experiences. For severe PC 
deficiency cases, lifelong PC replacement therapy may be required[5]. In addition, according to a recent guideline, 
subcutaneous PC concentrate with or without vitamin K antagonists may be the most appropriate long-term management 
for severe congenital PC deficiency patients, whereas there are little data available on pharmacokinetics and the most 
appropriate dosing regimen[14]. For most cases, oral anticoagulants remain the primary treatment option. According to 
the CHEST Guideline and Expert Panel Report, vitamin K antagonists have been the cornerstone of treatment and 



Zhang N et al. Protein C deficiency and thromboembolism

WJCC https://www.wjgnet.com 2002 April 26, 2024 Volume 12 Issue 12

Figure 1  Biological role of protein C.

secondary prophylaxis in patients with hereditary thrombophilia[15]. Some reported cases suggested a possible role of 
direct oral anticoagulants in thrombophilic patients, which needs further validation[7]. In addition, there is also a lack of 
treatment strategies for PC deficiency-related ATE. Hence, more data is required to establish efficacious strategies for the 
treatment and secondary prophylaxis in patients with PC deficiency manifesting as thromboembolic events.

CONCLUSION
PC deficiency is a risk factor for thrombophilia with higher risks of VTE. Emerging data have linked PC deficiency with 
increased risk of ATE, which requires further validation in large-scale studies. In addition, future studies are needed to 
establish efficacious treatment strategy for PC deficiency-related thromboembolic events.
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Abstract
It is important for surgeons performing sarcoma surgery to know that bone 
resection and tumor prosthesis applications in soft tissue sarcomas (STS) have 
unique features in terms of indication, surgical approach and follow-up, in terms 
of the management of these cases. Some STS are associated with bone and major 
neurovascular structures. Bone-associated STS are generally relatively large and 
relatively deep-seated. Additionally, the tendency for metastasis is high. In some 
cases, the decision about which structures to resect is difficult. These cases are 
often accompanied by poor oncological and surgical outcomes. Management of 
cases should be done by a multidisciplinary team in advanced centers specialized 
in this field. The surgical team must have sufficient knowledge and experience in 
the field of limb-sparing surgery. Preoperative evaluation and especially good 
planning of bone and soft tissue reconstruction are vital.

Key Words: Soft tissue sarcoma; Bone invasion; Bone resection; Endoprosthesis 
replacement; Prosthesis; Limb salvage; Indication; Approach

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

Core Tip: In soft tissue sarcomas with bone invasion, resection of the tumor with wide 
margins including the relevant bone segment and endoprosthesis applications continue 
to be the recommended treatment method with satisfactory results. Preoperative 
evaluation and planning before surgery is crucial. In cases where there is a dilemma in 
surgical procedures, the decision of whether to perform bone resection affects the fate of 
the case. Bone and soft tissue reconstruction, especially after resection, should be 
planned meticulously to ensure adequate soft tissue coverage.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v12.i12.2004
mailto:ozturk_recep@windowslive.com


Öztürk R. Endoprosthesis in bone associated STS

WJCC https://www.wjgnet.com 2005 April 26, 2024 Volume 12 Issue 12

Citation: Öztürk R. Indication and surgical approach for reconstruction with endoprosthesis in bone-associated soft tissue sarcomas: 
Appropriate case management is vital. World J Clin Cases 2024; 12(12): 2004-2008
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2004.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2004

INTRODUCTION
In the management of soft tissue sarcomas (STS), wide excision is essential to achieve tumor-free surgical margins to 
preserve the limb. Radical resection of huge extracompartmental soft tissue sarcoma often requires simultaneous bone 
resection and reconstruction[1]. In these cases, endoprosthetic reconstruction may provide satisfactory results as a limb 
salvage strategy.

It is well known that the treatment and follow-up of bone, and STS should be managed with a multidisciplinary 
approach in advanced centers specialized in this field. This strong recommendation is especially valid in a special field 
such as bone resection, and tumor prosthesis applications in STS. Not adhering to diagnostic and treatment algorithms in 
the treatment management of sarcomas, or making interventions without having the knowledge and experience to 
interpret the patient's history, clinical examination, and radiological data, may lead to irreversible limb loss or fatal 
complications[2-4].

UNIQUE FEATURES OF BONE-RELATED SOFT TISSUE SARCOMAS
It is known that approximately 5% of all STS have bone invasion[5]. Bone resection, and tumor prosthesis applications in 
bone-related STS have their own unique nature/characteristics, different from classical prosthesis applications due to 
bone sarcomas. It has its own indications, differences in surgical practices and its own complications. Before making an 
indication for surgery in a case of soft tissue sarcoma that is relatively large in size and close to bone and major 
neurovascular structures, it is very important to review some important points.

Compared to prosthetic applications related to bone sarcomas, applications related to STS have their own difficulties
[6]. One of these is the increased patient age[2,7]. Another is the frequent need for neoadjuvant or adjuvant radiotherapy. 
Especially the presence of bone invasion increases the patient's likelihood of receiving radiotherapy. Some other 
challenges are the presence of decreased chemosensitivity of the lesions and the potentially larger defects resulting from 
muscle compartment resections. Especially patients with bone invasion are likely to be metastatic, and therefore 
chemotherapy is usually administered to these patients. Despite additional chemotherapy, these cases still have worse 
survival than cases without bone invasion[5]. Another difficulty is the existence of sarcoma cases that have undergone 
unplanned R1 resection. These accidental surgeries are generally performed without preoperative imaging, staging and 
biopsy, and are generally performed in centers that do not specialize in musculoskeletal system tumors. Although 
extensive resection is performed along with bone resection and adjuvant treatments are given, these interventions can 
make management difficult and worsen the results[8,9]. In conclusion, current data show that the probability of a case of 
soft tissue sarcoma with bone invasion resulting in amputation is higher than the possibility of continuing with preser-
vation of the limb[5].

PREOPERATIVE APPROACH
In the preoperative evaluation of STS, relatively less attention is paid to the presence or absence of bone invasion[10]. In 
fact, magnetic resonance imaging (MRI) is the gold standard in the preoperative evaluation of these sarcomas[2-4]. It 
provides vital information about the location of the tumor, its size, extensions, and its relationship with important 
structures such as bones, vessels and nerves. Plain radiographs and computed tomography are valuable in evaluating the 
presence of bone erosion[2,3]. The tumor may abutting to the bone, and this can involve less than one-third of the bone, or 
two-thirds of the bone. Sometimes, it not only abutt, but also erodes the adjacent bone, in which case medullary signal 
changes may also be observed. In tumors that abutting is less than one-third of the bone, subperiosteal resection is 
sufficient and there is no need for bone resection and reconstruction. Conversely, abutting to the bone is usually present 
in tumors that involve at least two-thirds or more of the bone. And in the presence of evidence of bone invasion, resection 
of the involved segment is essential for adequate surgical margins[1]. The decision on whether to perform resection for 
tumors that abutt to approximately two-thirds of the bone should be made carefully. In case of dilemma, an another 
method that can help in making a decision is whether the sarcoma is mobile or not on the adjacent bone[3,5]. This 
evaluation should be made preoperatively and intraoperatively. In intraoperative evaluation, it should be evaluated 
whether the tumor is mobile or not, especially after opening the fascia around the tumor. If the tumor is mobile, subperi-
osteal resection is usually sufficient. Because the periosteum, which is a strong barrier, protected the bone from tumor. 
Cases with "planned positive" surgical margins performed in cases close to structures with natural barrier properties such 
as bones, vessels or nerves, have similar recurrence rates to series with negative surgical margins, especially when they 
supported by adjuvant treatments[3,5,10]. In cases like this, each cases necessary to be evaluated by a multidisciplinary 
team in a specialized center in the field of tumors. This team should include at least a medical oncologist, radiation 
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oncologist, orthopedist, radiologist and pathologist. The patient should be evaluated in terms of neoadjuvant treatments, 
surgery and adjuvant treatments, taking into account the tumor subtype, location, size, age, and general condition of the 
patient. It is vital that the surgery is performed by a surgical team with knowledge, and experience in this field[2,4].

Another difficulty in the treatment management of STS is experienced in some cases in interpreting bone changes in 
preoperative examinations. It should be carefully examined whether there is a signal change in the bone marrow space 
adjacent to soft tissue sarcoma and whether the signal change is bone edema, invasion or metastasis. Ferguson et al[5] 
reported that in cases where there was a signal change in the bone marrow space, they performed resection, taking into 
account the risk of tumor presence. In the study of Lin et al[11], there was suspicion of bone invasion in 9 patients in 
preoperative images. They performed bone resection in all cases, and histological evaluation revealed no bone invasion in 
8 cases.

In some cases, especially juxta-articular STS, the tumor is near critical structures such as vessels, nerves and bone, and 
removal of the tumor alone is very difficult or not possible with wide margins. In such cases, resection of the tumor-
related bone segment may be planned. Additionally, if there is evidence of invasion of the vessels and nerves, their 
resection is required[1]. One of the nightmare complications after endoprosthesis reconstruction is infection[2,12,13]. 
Bone-associated STS are usually larger than 10 cm and sometimes larger than 15 cm. Just as a bone defect may occur after 
resection, a serious soft tissue coverage defect may also occur. Providing adequate soft tissue coverage after 
reconstruction of the bone defect with a prosthesis is a very critical factor in reducing infections. Therefore, before 
surgery, planning regarding soft tissue coverage should be planned meticulously and the operation should be completed 
after the necessary preparations[2,7,13].

The presence of a mass abutting to the bone, involving approximately two-thirds of the bone on MRI, poses a dilemma 
for treatment. Especially when the mass is located in an area close to the joint, such as the distal femur, it becomes more 
difficult to decide because the shape of the bone is relatively more irregular and the beginnings and endings of the 
muscles are more common here. The thin cortex of the metaphysis may make it difficult to determine whether a cortical 
erosion is present. Other areas noted to be difficult to interpret include tendinous insertions in bone and the linea aspera 
of the femur[14].

BIOLOGICAL BEHAVIOR OF SUBGROUPS
When evaluated in terms of subgroups of STS, subperiosteal resection can usually be sufficient in well-differentiated 
liposarcoma, while high-grade tumors such as synovial sarcoma, malignant fibrous histiocytoma, and malignant 
peripheral nerve sheath tumor generally tend to erode the bone and may require resection of the affected segment[1,2,4]. 
It is clear that these tumors require more careful evaluation and a more cautious surgical approach in terms of bone 
erosion.

INDICATIONS FOR BONE RESECTION
To summarize the indications for bone resection and potential endoprosthesis in sarcomas; the presence of bone invasion 
clearly detected in preoperative radiological examinations is an indication for resection. Even if there is no bone invasion 
in radiological examinations, in the presence of a mass that covers almost the entire bone or surrounds it 360 degrees, 
bone resection should be performed since wide surgical margins will not be possible without resection of the relevant 
bone segment. When it is determined that there is no bone invasion and no signal change in the bone marrow space in 
preoperative radiological examinations, tumor mobility should be examined manually preoperatively and intraoper-
atively. Bone resection is indicated for tumors that are not mobile on the bone. In mobile tumors, resection with 
periosteum seems sufficient[1,5,6,11,13].

CLINICAL CASE SERIES
When studies analyzing bone-related STS are examined; Rowell et al[6] compared 29 cases of lower extremity STS with 
bone invasion on preoperative radiological examination with cases without bone involvement. They found that survival 
was lower in cases with bone invasion. Yan et al[1] reported 30 cases of juxta-articular bone invasion located in the distal 
thigh. The complication rate was 17% and they reported that these results were acceptable. However, Nakamura et al[13], 
in their multicenter study, examined 27 high-grade cases located in the lower extremities with bone invasion. They 
observed a total of 22 surgical complications (infection, relapse, aseptic loosening) and noted the high complication rates. 
LeVay et al[15] reported that in STS, the direct spread pattern of the tumor invading the neurovascular structures and 
bone reduces the survival rate. Ferguson et al[5] reported that survival was significantly worse in the presence of histolo-
gically confirmed bone invasion. However, they found that the presence of bone invasion did not increase local 
recurrence but significantly increased the amputation rate. In another study, Panicek et al[16] reported that the presence 
of bone invasion on preoperative MRI did not increase the risk of recurrence or metastasis, but negatively affected 
survival.
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FOLLOW UP
Follow-up functional scores of endoprostheses applied for STS can be consistent with the scores of endoprostheses after 
bone resection, although they are generally performed after soft tissue resections larger than 10 cm[1,2]. However, the 
majority of reports show that these cases are accompanied by high surgical complication rates and poor oncological 
outcomes. One of the most important reasons for poor functional outcomes is massive muscle resection with tumor. 
During follow-up, 5-year limb preservation rates are approximately 75%. The most common major complications are 
infection and recurrence[13].

STS with bone invasion is usually deep-seated, usually metastatic at diagnosis, and relatively larger. These features 
negatively affect the prognosis[5]. In addition, features such as their relatively large size and deep location have resulted 
in the metastasis-free survival of cases with bone invasion being worse than those without bone invasion. There are 
reports stating that the presence of bone invasion in STS alone is a risk factor in terms of metastasis development and 
surveillance, regardless of the treatments applied[1,2,10,13].

OTHER APPROACHES
However, it should be clearly noted that despite numerous clinical studies investigating the role of preoperative 
radiotherapy and computed tomography in STS, there is still no consensus[1-4]. This further increases the importance of 
the surgical management. However, the results of limb-sparing surgery supported by radiotherapy are similar to 
amputation in terms of recurrence[5]. In the treatment management of soft tissue sarcoma, each case should be evaluated 
individually, taking into account all conditions, and the option of amputation should also be considered in selected cases. 
If poor limb function is anticipated after tumor resection and possible reconstruction, or if it is not possible to preserve or 
reconstruct motor nerves or main arteries and veins, or if reconstruction of the bone and/or soft tissue defect does not 
seem possible, the case should be evaluated for amputation[17].

LIMITATIONS AND FUTURE STUDIES
Although there are some studies on the indications for bone resection and the results of endoprosthesis applications in 
STS, the available information is still limited. There are no standardized guidelines. One of the main reasons for this is the 
rarity of STS and the very rare indication for bone resection and endoprosthesis application in these tumors. The 
literature is mostly in the form of case series containing data from a single center, with no comparison. Another reason is 
that it is not possible to do some studies due to their nature. If bone resection is not performed in cases where the bone 
relationship cannot be understood in preoperative evaluation and relapse occurs, there is a possibility that the relapse 
may be caused by microscopic residual disease in the cortical bone. It is impossible to understand whether this recurrence 
is due to tumor cells remaining on the bone. And this does not justify routine bone resection in these cases[11]. More 
studies are needed on the interpretation of radiological changes detected in the bone adjacent to soft tissue and the 
treatment decision. The frequency of indications for bone resection may also be a subject of further research. Is the most 
common indication the presence of a tumor that has a close relationship with the bone and requires bone resection, even 
though there is no bone invasion in radiological evaluation? Or is it bone invasion? Additionally, in different studies, it is 
stated that surrounding the bone at least 180 degrees or two-thirds of it is an indication[1,2,5]. However, in clinical 
practice, there are cases where the bone is surrounded at the specified rates, but on intraoperative examination, it is 
completely mobile and subperiosteal resection can be performed, and there are also cases where the bone is surrounded 
at less than 180 degrees, but the bone needs to be resected[6,10-17]. This seems to be another issue that needs to be 
focused on in the field of indications. The majority of available literature data report that recurrence does not increase in 
cases where bone invasion is proven by preoperative MRI or histologically. However, data show that limb and patient 
survival decreases in these cases. This stands out as another point that requires further examination. As a result, it is a fact 
that there is a need for multicenter comparative studies with a sufficient number of cases that examine in depth the 
different aspects of bone-associated STS in the future.

CONCLUSION
Wide resections of high-grade STS with involved bone and reconstruction with endoprostheses are often associated with 
high surgical complication rates and poor oncological outcomes. Despite everything, in cases with bone invasion, 
resection of the tumor with wide margins, including the relevant bone segment, and endoprosthesis applications continue 
to be the recommended treatment method with satisfactory results. Preoperative evaluation and planning before surgery 
is crucial. "Planned positive" surgical resection, when supported by adjuvant treatments, has similar recurrence rates to 
amputation. In cases where there is a dilemma in surgical procedures, the decision of whether to perform bone resection 
affects the fate of the case. Especially bone and soft tissue reconstruction, after resection, should be planned meticulously 
to ensure adequate soft tissue coverage. Careful periodic postoperative follow-up is required for surgical complications 
and oncological events.



Öztürk R. Endoprosthesis in bone associated STS

WJCC https://www.wjgnet.com 2008 April 26, 2024 Volume 12 Issue 12

FOOTNOTES
Author contributions: Öztürk R contributed to the literature review, wrote the manuscript, read and approved the final manuscript.

Conflict-of-interest statement: The author states that there is no conflict of interest.

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/Territory of origin: Germany

ORCID number: Recep Öztürk 0000-0002-6753-9321.

S-Editor: Zhang H 
L-Editor: A 
P-Editor: Yu HG

REFERENCES
1 Yan TQ, Zhou WH, Guo W, Yang RL, Dong S, Liang WM, Sun YF. Endoprosthetic reconstruction for large extremity soft-tissue sarcoma 

with juxta-articular bone involvement: functional and survival outcome. J Surg Res 2014; 187: 142-149 [PMID: 24405612 DOI: 
10.1016/j.jss.2013.09.004]

2 Ozturk R. Bone and soft tissue tumors. In: Atay T. Orthopedics and Sport Injuries. Derman Medical Publishing 2015; 635-704 [DOI: 
10.4328/DERMAN.3774]

3 Kekeç AF, Günaydın İ, Öztürk R, Güngör BŞ. Outcomes of Planned Marginal and Wide Resection of Sarcomas Associated with Major 
Vascular Structures in Extremities. Indian J Surg Oncol 2022; 13: 395-402 [PMID: 35782812 DOI: 10.1007/s13193-021-01476-5]

4 Öztürk R. Soft Tissue Tumors. In: Longo UG, Denaro V. Textbook of Musculoskeletal Disorders. Springer, Cham 2023; 213-216 [DOI: 
10.1007/978-3-031-20987-1_25]

5 Ferguson PC, Griffin AM, O'Sullivan B, Catton CN, Davis AM, Murji A, Bell RS, Wunder JS. Bone invasion in extremity soft-tissue 
sarcoma: impact on disease outcomes. Cancer 2006; 106: 2692-2700 [PMID: 16700041 DOI: 10.1002/cncr.21949]

6 Rowell PD, Ferguson PC, Tsoi KM, Nevin JL, Novak R, Griffin AM, Wunder JS. Endoprosthetic reconstruction for lower extremity soft tissue 
sarcomas with bone involvement. J Surg Oncol 2023; 128: 660-666 [PMID: 37144623 DOI: 10.1002/jso.27300]

7 Öztürk R, Arıkan ŞM, Bulut EK, Kekeç AF, Çelebi F, Güngör BŞ. Distribution and evaluation of bone and soft tissue tumors operated in a 
tertiary care center. Acta Orthop Traumatol Turc 2019; 53: 189-194 [PMID: 30982757 DOI: 10.1016/j.aott.2019.03.008]

8 Randall RL, Bruckner JD, Papenhausen MD, Thurman T, Conrad EU 3rd. Errors in diagnosis and margin determination of soft-tissue 
sarcomas initially treated at non-tertiary centers. Orthopedics 2004; 27: 209-212 [PMID: 14992389 DOI: 10.3928/0147-7447-20040201-14]

9 Traub F, Griffin AM, Wunder JS, Ferguson PC. Influence of unplanned excisions on the outcomes of patients with stage III extremity soft-
tissue sarcoma. Cancer 2018; 124: 3868-3875 [PMID: 30321451 DOI: 10.1002/cncr.31648]

10 Stojadinovic A, Leung DH, Allen P, Lewis JJ, Jaques DP, Brennan MF. Primary adult soft tissue sarcoma: time-dependent influence of 
prognostic variables. J Clin Oncol 2002; 20: 4344-4352 [PMID: 12409334 DOI: 10.1200/JCO.2002.07.154]

11 Lin PP, Pino ED, Normand AN, Deavers MT, Cannon CP, Ballo MT, Pisters PW, Pollock RE, Lewis VO, Zagars GK, Yasko AW. Periosteal 
margin in soft-tissue sarcoma. Cancer 2007; 109: 598-602 [PMID: 17183556 DOI: 10.1002/cncr.22429]

12 Öztürk R, Aydın M, Arıkan M, Toğral G, Aydın G, Güngör BŞ. The report of tumor resection prosthesis infection due to Sphingomonas 
paucimobilis: A case report. Acta Oncol Tur 2016; 49: 57-60 [DOI: 10.5505/aot.2016.5707]

13 Nakamura T, Sakai T, Tsukushi S, Kimura H, Wasa J, Hosono K, Izubuchi Y, Kozawa E, Nagano A, Asanuma K, Sudo A, Nishida Y. 
Clinical Outcome in Patients With High-grade Soft-tissue Sarcoma Receiving Prosthetic Replacement After Tumor Resection of the Lower 
Extremities: Tokai Musculoskeletal Oncology Consortium Study. In Vivo 2023; 37: 2642-2647 [PMID: 37905645 DOI: 
10.21873/invivo.13372]

14 Elias DA, White LM, Simpson DJ, Kandel RA, Tomlinson G, Bell RS, Wunder JS. Osseous invasion by soft-tissue sarcoma: assessment with 
MR imaging. Radiology 2003; 229: 145-152 [PMID: 14519874 DOI: 10.1148/radiol.2291020377]

15 LeVay J, O'Sullivan B, Catton C, Bell R, Fornasier V, Cummings B, Hao Y, Warr D, Quirt I. Outcome and prognostic factors in soft tissue 
sarcoma in the adult. Int J Radiat Oncol Biol Phys 1993; 27: 1091-1099 [PMID: 8262833 DOI: 10.1016/0360-3016(93)90529-5]

16 Panicek DM, Go SD, Healey JH, Leung DH, Brennan MF, Lewis JJ. Soft-tissue sarcoma involving bone or neurovascular structures: MR 
imaging prognostic factors. Radiology 1997; 205: 871-875 [PMID: 9393550 DOI: 10.1148/radiology.205.3.9393550]

17 Endo M, Lin PP. Surgical margins in the management of extremity soft tissue sarcoma. Chin Clin Oncol 2018; 7: 37 [PMID: 30173528 DOI: 
10.21037/cco.2018.08.10]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-6753-9321
http://orcid.org/0000-0002-6753-9321
http://www.ncbi.nlm.nih.gov/pubmed/24405612
https://dx.doi.org/10.1016/j.jss.2013.09.004
https://dx.doi.org/10.4328/DERMAN.3774
http://www.ncbi.nlm.nih.gov/pubmed/35782812
https://dx.doi.org/10.1007/s13193-021-01476-5
https://dx.doi.org/10.1007/978-3-031-20987-1_25
http://www.ncbi.nlm.nih.gov/pubmed/16700041
https://dx.doi.org/10.1002/cncr.21949
http://www.ncbi.nlm.nih.gov/pubmed/37144623
https://dx.doi.org/10.1002/jso.27300
http://www.ncbi.nlm.nih.gov/pubmed/30982757
https://dx.doi.org/10.1016/j.aott.2019.03.008
http://www.ncbi.nlm.nih.gov/pubmed/14992389
https://dx.doi.org/10.3928/0147-7447-20040201-14
http://www.ncbi.nlm.nih.gov/pubmed/30321451
https://dx.doi.org/10.1002/cncr.31648
http://www.ncbi.nlm.nih.gov/pubmed/12409334
https://dx.doi.org/10.1200/JCO.2002.07.154
http://www.ncbi.nlm.nih.gov/pubmed/17183556
https://dx.doi.org/10.1002/cncr.22429
https://dx.doi.org/10.5505/aot.2016.5707
http://www.ncbi.nlm.nih.gov/pubmed/37905645
https://dx.doi.org/10.21873/invivo.13372
http://www.ncbi.nlm.nih.gov/pubmed/14519874
https://dx.doi.org/10.1148/radiol.2291020377
http://www.ncbi.nlm.nih.gov/pubmed/8262833
https://dx.doi.org/10.1016/0360-3016(93)90529-5
http://www.ncbi.nlm.nih.gov/pubmed/9393550
https://dx.doi.org/10.1148/radiology.205.3.9393550
http://www.ncbi.nlm.nih.gov/pubmed/30173528
https://dx.doi.org/10.21037/cco.2018.08.10


WJCC https://www.wjgnet.com 2009 April 26, 2024 Volume 12 Issue 12

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2024 April 26; 12(12): 2009-2015

DOI: 10.12998/wjcc.v12.i12.2009 ISSN 2307-8960 (online)

EDITORIAL

Comprehensive and personalized approach is a critical area for 
developing remote cardiac rehabilitation programs

Garyfallia Pepera, Varsamo Antoniou, Jing Jing Su, Rose Lin, Ladislav Batalik

Specialty type: Medicine, research 
and experimental

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

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Ueda H, Japan

Received: November 30, 2023 
Peer-review started: November 30, 
2023 
First decision: February 2, 2024 
Revised: February 9, 2024 
Accepted: March 26, 2024 
Article in press: March 26, 2024 
Published online: April 26, 2024

Garyfallia Pepera, Varsamo Antoniou, Clinical Exercise Physiology and Rehabilitation Research 
Laboratory, Department of Physiotherapy, Faculty of Health Sciences, University of Thessaly, 
Lamia GR35100, Greece

Jing Jing Su, School of Nursing, The Hong Kong Polytechnic University, Hong Kong 999077, 
China

Rose Lin, University of Rochester School of Nursing, New York, NY 14602, United States

Ladislav Batalik, Department of Rehabilitation, University Hospital Brno, Brno 62500, Czech 
Republic

Ladislav Batalik, Department of Public Health, Faculty of Medicine, Masaryk University, Brno 
62500, Czech Republic

Corresponding author: Ladislav Batalik, PhD, Physiotherapist, Research Assistant Professor, 
Department of Rehabilitation, University Hospital Brno, Jihlavska 20, Brno 62500, Czech 
Republic. batalik.ladislav@fnbrno.cz

Abstract
In the evolving landscape of cardiac rehabilitation (CR), adopting digital techno-
logies, including synchronous/real-time digital interventions and smart applic-
ations, has emerged as a transformative approach. These technologies offer real-
time health data access, continuous vital sign monitoring, and personalized 
educational enhanced patient self-management and engagement. Despite their 
potential benefits, challenges and limitations exist, necessitating careful consid-
eration. Synchronous/real-time digital CR involves remote, two-way audiovisual 
communication, addressing issues of accessibility and promoting home-based 
interventions. Smart applications extend beyond traditional healthcare, providing 
real-time health data and fostering patient empowerment. Wearable devices and 
mobile apps enable continuous monitoring, tracking of rehabilitation outcomes, 
and facilitate lifestyle modifications crucial for cardiac health maintenance. As 
digital CR progresses, ensuring patient access, equitable implementation, and 
addressing the digital divide becomes paramount. Artificial intelligence holds 
promise in the early detection of cardiac events and tailoring patient-specific CR 
programs. However, challenges such as digital literacy, data privacy, and security 
must be addressed to ensure inclusive implementation. Moreover, the shift 
toward digital CR raises concerns about cost, safety, and potential depersonal-
ization of therapeutic relationships. A transformative shift towards technolo-
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gically enabled CR necessitates further research, focusing not only on technological advancements but also on 
customization to meet diverse patient needs. Overcoming challenges related to cost, safety, data security, and 
potential depersonalization is crucial for the widespread adoption of digital CR. Future studies should explore 
integrating moral values into digital therapeutic relationships and ensure that digital CR is accessible, equitable, 
and seamlessly integrated into routine cardiac care. Theoretical frameworks that accommodate the dynamic quality 
of real-time monitoring and feedback feature of digital CR interventions should be considered to guide 
intervention development.

Key Words: Cardiac rehabilitation; Digital approaches; Remote care; Equity in technology access; Synchronous/real-time 
interventions; Digital innovation in healthcare

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

Core Tip: Digital technologies have revolutionized cardiac rehabilitation (CR), offering flexible and novel approaches to 
care. The integration of digital health technologies and artificial intelligence in remote CR is transforming traditional 
paradigms, providing real-time access to health data, and enhancing patient self-management. Mobile and digital CR models, 
including synchronous/real-time digital interventions, are addressing accessibility barriers, and promoting equity in 
healthcare delivery. Despite the potential benefits, challenges such as the digital divide, cost, safety, and data security must 
be addressed. Future research should prioritize accessibility, equity, and the seamless integration of digital CR into routine 
cardiac care.
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INTRODUCTION
Cardiac rehabilitation (CR) is a comprehensive program that includes risk factor management, exercise training, and 
optimization of psychosocial health[1,2]. It is recommended by guidelines for individuals with cardiovascular disease 
(CVD)[3]. Numerous studies have demonstrated that participation in CR programs following a cardiac event, such as 
myocardial infarction or percutaneous coronary intervention, is associated with improved health outcomes and reduced 
mortality rates[4,5]. Despite its well-established benefits, CR remains underutilized, and there exist significant differences 
in referral, admission, and completion rates[6]. With the increasing body of literature on the topic, there is a growing 
interest in exploring novel delivery models for CR, particularly digital and remote approaches (Figure 1). These 
innovative models have the potential to enhance participation in CR programs, ultimately leading to better health 
outcomes for individuals with CVD[7]. Remote delivery of CR has received endorsement from international sources, 
including the European Association of Preventive Cardiology (EAPC)[8]. The EAPC has emphasized the importance of 
maintaining the delivery of core components of CR through tele-rehabilitation interventions during the COVID-19 
pandemic. However, concerns have been raised regarding equity in the use of technology to ensure access to equitable 
access to outpatient care.

Research findings indicate that alternative delivery models for CR are not only safe but also yield similar effect as 
standard center-based CR programs[9-11]. However, significant questions remain unanswered regarding which specific 
remote CR models offer the most substantial benefits for individuals. In this editorial, we aim to provide an overview of 
various remote CR models and identify key research questions that demand attention. We propose strategies for 
addressing these questions, which can serve as a valuable solution for scientists, researchers, and clinicians in the field. 
Two central research focuses emerge as crucial: First, the development of personalized remote CR programs; and second, 
the implementation of comprehensive methodologies to ensure the delivery of core CR components. Establishing these 
essential priorities is vital to ensure the provision of high-quality remote CR programs and can serve as a basis for future 
investigations.

Adopting a comprehensive and personalized approach is crucial for enhancing remote CR programs. This includes 
addressing issues related to equity in technology access, ensuring that all individuals who could benefit from CR have 
equal opportunities to participate[12]. Additionally, these programs should prioritize individualized care, tailoring 
interventions to each patient's specific needs and preferences in both short and longer term[13]. Embracing innovative 
methods and technology, such as virtual, remote, or mobile CR, can enable the delivery of comprehensive and person-
alized care to a broader population[14], ultimately improving access and health outcomes for individuals with car-
diovascular conditions[15].

https://www.wjgnet.com/2307-8960/full/v12/i12/2009.htm
https://dx.doi.org/10.12998/wjcc.v12.i12.2009
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Figure 1 Trend of remote cardiac rehabilitation research. The number of published papers incorporating a remote or digital component in cardiac 
rehabilitation is shown. The search was conducted (September 30, 2023) through the PubMed database using specific keywords ("remote cardiac rehabilitation” and 
“digital health cardiac rehabilitation“).

SYNCHRONOUS/REAL-TIME DIGITAL CR
Synchronous/real-time digital CR represents a contemporary alternative mode of CR delivery defined by real-time, two-
way, remote audiovisual communication between patients and CR staff[16]. This approach primarily relies on real-time 
communication via videoconferencing platforms and remote monitoring of vital signs, such as electrocardiography, blood 
pressure, and heart rate, to facilitate safe and comprehensive home-based digital CR interventions[17]. Data from recent 
literature support the feasibility of synchronous/real-time digital CR interventions in enhancing the overall cardiac 
profile via improvements in cardiorespiratory fitness, physical activity levels and quality of life[18]. Despite the initial 
investment required for digital infrastructure, the cost-effectiveness of digital CR is highly advocated[19]. Furthermore, 
several barriers to CR enrolment and attendance such as transportation costs, lack of free time and remote residence 
locations, can be effectively addressed through the implementation of synchronous/real-time digital CR interventions
[20]. Additionally, incorporating digitally delivered CR interventions could serve as the sole alternative solution for the 
continuation of CR during pandemic circumstances in the foreseeing future[21]. Though, numerous logistical, ethical, and 
clinical issues arise with digital CR, primarily concerning the risk of online patients’ personal data leakage, insufficient 
internet access and digital literacy. It is essential to prioritize underrepresented racial and ethnic groups, women and 
older patients for integration into digital synchronous CR[22]. Bearing in mind that the acceptance of digitally delivered 
CR services and interventions is generally high[23], there is a strong need to further investigate and incorporate 
synchronous digital CR into the routine of cardiac patients’ secondary prevention routine.

SMART APPLICATIONS FOR CR
In the evolving landscape of remote CR, the transition toward mobile health technology interventions represents a 
transformative approach to providing more personalized and accessible cardiac care. These technologies extend beyond 
the traditional healthcare setting, providing real-time access to health data and fostering patient empowerment in their 
care management. Wearable devices and mobile applications enable continuous monitoring of vital signs and physical 
activities, contributing directly to the enhancement of patient self-management[24,25]. This approach is particularly 
crucial in remote settings[25], where traditional healthcare resources are less accessible, emphasizing the need for patient-
centered care that adapts to their lifestyle and environment. Mobile platforms not only facilitate the tracking of rehabil-
itation outcomes but also play a critical role in lifestyle modifications essential for cardiac health maintenance[26,27]. 
Additionally, the provision of customized educational content and reminders through these platforms ensures sustained 
patient engagement and informed participation in their rehabilitation journey[28]. The transition to mobile CR represents 
a significant move towards redefining patient care in CR, focusing on technology's role in enabling a more dynamic, 
responsive, and patient-tailored approach.

The integration of digital technologies in CR has sparked discussion about selecting appropriate measures for outcome 
evaluation, as traditional methods fall short in capturing the dynamic and real-time nature of digitalized interventions. 
Unlike the static measures from center-based CR trials, digital platforms offer granularity, real-time, and precision 
through automated, real-time tracking and analysis using sensors and monitors for heart rate, blood pressure and 
movement[18]. This is crucial as increased digital technology-based theories guiding interventional studies highlighted 
the dynamic qualities and emphasized the need to unpack the use of technology at home to explain the causal-effect 
relationship[29].

The formality of the digital CR intervention is diverse and changing rapidly, such as virtual reality, gamification, robot 
assisted, Chatbot (AI-powered). When researchers use digital technology to deliver CR, the focus is often on evaluating a 
specific technology such as a wearable device, certain virtual reality scenario, or mobile app, within short duration. The 
safety and ethical issues should be considered before recommending them as a new standard of care, such as discomfort 
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(e.g., dizziness) from virtual reality and depersonalization when over-relying on technology. Evaluating user experiences 
in home settings through qualitative research is crucial to ensure intervention fidelity and guide future developments.

Future opportunities for digital innovation in CR
Artificial intelligence applies to the use of Information and Communication Technologies (commonly referred to as ICTs) 
for data-driven policy decision. AI has been broadly studied in various fields such as medicine[30] and economics[31] and 
is currently embedded in the CR implementation procedures. By engaging AI technology via wearable sensors (worn as 
wristbands or embedded in smartwatches), early detection of cardiac events is promoted, thereby enhancing the safety of 
home-based CR interventions, and improving clinician decision-making[32]. Additionally, AI tools offer real-time 
feedback and support to patients, which could contribute to the improvement of CR adherence, increase of patients’ 
engagement and the proliferation of their overall cardiac profile[18,28]. The potential of the AI tools to analyze 
thoroughly the large amounts of data collected by ICT devices enables the provision of patient-tailored CR programs and 
serves as a cornerstone for improving health outcomes and quality of life. However, the incorporation of digital 
technology into the CR procedures raises several challenges to be addressed. Innovative technologies such AI might 
require digital literacy[29]. Consequently, those patients with limited digital literacy may be denied access to AI–based 
CR; thus, leading to health inequality. Furthermore, considering the importance of data privacy and security, measures 
should be taken to prevent the unethical use of patients’ data and ensure transparency, fairness, and accountability in 
algorithmically automated decisions. AI can act as an alternative key component potential enough to improve the 
efficiency and effectiveness of home-based CR interventions[32]. However, further research is needed to maximize their 
comprehensive and optimal implementation.

Challenges and limitations
Digital technologies in CR offer a transformative shift from traditional supervised programs to proactive, remotely 
supported self-care approaches, enhancing accessibility and sustainability. However, this rapid technological 
advancement risks deepening the digital divide, particularly impacting those with lower socio-economic and educational 
backgrounds, women, people with disabilities, and those with sensory or motor impairments[33]. Future research should 
focus not just on technological advancements but also on customizing these interventions to meet the diverse needs and 
preferences of these subgroups (Table 1). It is crucial to view technology to overcome barriers to CR participation, rather 
than as the central focus.

Moreover, the implementation of digital technologies in CR brings forth concerns about cost and safety[34]. The 
expenses associated with acquiring and maintaining advanced digital health tools can be substantial, potentially limiting 
their widespread adoption, especially in resource-constrained settings[35]. Additionally, ensuring safety while using 
these technologies remotely poses a significant challenge. This includes managing the risk of incorrect usage of 
equipment, ensuring accurate data transmission, and providing immediate assistance in case of adverse events during 
unsupervised exercise sessions[18].

Equally important is the concern over data security in digital CR[36]. As patient health information and sensitive data 
are transmitted and stored digitally, there is a heightened risk of data breaches and unauthorized access[37]. Ensuring the 
confidentiality, integrity, and availability of patient data is paramount, requiring robust cybersecurity measures and 
adherence to data protection regulations. This aspect is crucial to maintaining patient trust and the credibility of digital 
CR programs.

Furthermore, the scope of technology in CR could be broadened to include interventions aimed at preventing CVDs. 
This may involve managing risk factors in high-risk groups or individuals with metabolic syndrome[38]. Additionally, 
there is potential for extending CR to patients with co-morbid conditions, such as cancer, who may require cardio-
oncology interventions. While CR is traditionally recognized for secondary prevention[39], expanding its application to 
primary or palliative care settings requires more evidence.

The technologically enabled CR can facilitate culturally sensitive communication and reduce stigma in mental health 
assessments and psychological interventions. However, this raises concerns about depersonalization, where authentic 
care and interpersonal connection in therapeutic relationships might be overshadowed by interactions with technology
[40,41]. Future studies should explore ways to integrate moral values such as compassion and caring into digital 
therapeutic relationships, preserving the human element in healthcare[42].

CONCLUSION
CR has evolved significantly with the advent of digital technologies, offering novel and flexible approaches to delivering 
care. The integration of digital health technologies and AI in remote CR has transformed the traditional paradigms of 
cardiac care. These technologies provide real-time health data access, enable continuous monitoring of vital signs and 
physical activities, and offer personalized educational content, thereby enhancing patient self-management and 
engagement. The shift towards mobile and digital CR models, including synchronous/real-time digital interventions, 
addresses barriers such as physical access to care and promotes equity in healthcare delivery. However, adopting these 
technologies also presents challenges, including the need for digital literacy among patients and concerns regarding data 
privacy and security. Future research should ensure that digital CR is accessible, equitable, and effectively integrated into 
routine cardiac care (Table 1). This entails developing personalized remote CR programs and implementing compre-
hensive methodologies to deliver core CR components.
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Table 1 Recommendations for future development of digital technology in cardiac rehabilitation

No. Items Description

1 Enhance AI and ICT Integration Continue to embed AI in CR procedures, using wearable sensors for early cardiac event detection, thereby 
improving home-based CR safety and clinician decision-making

2 Provide real-time feedback Utilize AI tools to offer real-time feedback and support to patients, aiming to improve CR adherence and patient 
engagement

3 Develop patient-tailored 
programs

Use AI to thoroughly analyze data from ICT devices for creating personalized CR programs, enhancing health 
outcomes and quality of life

4 Address digital literacy gaps Recognize the challenge of digital literacy and work to make AI-based CR accessible to all patients, reducing 
health inequalities

5 Ensure data privacy and security Focus on ethical considerations, including data privacy, security, and the transparency of AI decision-making 
processes

6 Evaluate cost and safety 
concerns

Study the financial and safety implications of implementing digital technologies in CR, especially in 
unsupervised settings

7 Customize interventions for 
diverse needs

Tailor digital CR interventions to meet the varied needs and preferences of different patient subgroups, such as 
those with lower socio-economic status or disabilities

8 Maintain the human interaction 
in digital CR

Address concerns of depersonalization by integrating moral values into digital therapeutic relationships, 
ensuring compassionate, patient-centered care

AI: Artificial intelligence; CR: Cardiac rehabilitation; ICT: Information and communication technology.

FOOTNOTES
Author contributions: Batalik L conceptualized the topic; Pepera G, Antoniou V, Su JJ, Lin R and Batalik L wrote the manuscript; Batalik 
L and Lin R contributed to the figures and tables; and all authors reviewed and approved the final manuscript.

Supported by The Ministry of Health, Czech Republic; Conceptual Development of Research Organization, FNBr, No. 65269705.

Conflict-of-interest statement: Authors declare no potential conflict of interests 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/Territory of origin: Czech Republic

ORCID number: Ladislav Batalik 0000-0003-2147-1541.

S-Editor: Che XX 
L-Editor: A 
P-Editor: Yu HG

REFERENCES
1 Thomas RJ, Balady G, Banka G, Beckie TM, Chiu J, Gokak S, Ho PM, Keteyian SJ, King M, Lui K, Pack Q, Sanderson BK, Wang TY. 2018 

ACC/AHA Clinical Performance and Quality Measures for Cardiac Rehabilitation: A Report of the American College of Cardiology/American 
Heart Association Task Force on Performance Measures. J Am Coll Cardiol 2018; 71: 1814-1837 [PMID: 29606402 DOI: 
10.1016/j.jacc.2018.01.004]

2 Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, Benetos A, Biffi A, Boavida JM, Capodanno D, Cosyns B, 
Crawford C, Davos CH, Desormais I, Di Angelantonio E, Franco OH, Halvorsen S, Hobbs FDR, Hollander M, Jankowska EA, Michal M, 
Sacco S, Sattar N, Tokgozoglu L, Tonstad S, Tsioufis KP, van Dis I, van Gelder IC, Wanner C, Williams B; ESC Scientific Document Group. 
2021 ESC Guidelines on cardiovascular disease prevention in clinical practice. Eur J Prev Cardiol 2022; 29: 5-115 [PMID: 34558602 DOI: 
10.1093/eurjpc/zwab154]

3 Verdicchio C, Freene N, Hollings M, Maiorana A, Briffa T, Gallagher R, Hendriks JM, Abell B, Brown A, Colquhoun D, Howden E, Hansen 
D, Reading S, Redfern J. A Clinical Guide for Assessment and Prescription of Exercise and Physical Activity in Cardiac Rehabilitation. 
A CSANZ Position Statement. Heart Lung Circ 2023; 32: 1035-1048 [PMID: 37516652 DOI: 10.1016/j.hlc.2023.06.854]

4 Dibben GO, Faulkner J, Oldridge N, Rees K, Thompson DR, Zwisler AD, Taylor RS. Exercise-based cardiac rehabilitation for coronary heart 
disease: a meta-analysis. Eur Heart J 2023; 44: 452-469 [PMID: 36746187 DOI: 10.1093/eurheartj/ehac747]
Ekblom Ö, Cider Å, Hambraeus K, Bäck M, Leosdottir M, Lönn A, Börjesson M. Participation in exercise-based cardiac rehabilitation is 
related to reduced total mortality in both men and women: results from the SWEDEHEART registry. Eur J Prev Cardiol 2022; 29: 485-492 

5

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-2147-1541
http://orcid.org/0000-0003-2147-1541
http://www.ncbi.nlm.nih.gov/pubmed/29606402
https://dx.doi.org/10.1016/j.jacc.2018.01.004
http://www.ncbi.nlm.nih.gov/pubmed/34558602
https://dx.doi.org/10.1093/eurjpc/zwab154
http://www.ncbi.nlm.nih.gov/pubmed/37516652
https://dx.doi.org/10.1016/j.hlc.2023.06.854
http://www.ncbi.nlm.nih.gov/pubmed/36746187
https://dx.doi.org/10.1093/eurheartj/ehac747


Pepera G et al. Development of remote cardiac rehabilitation

WJCC https://www.wjgnet.com 2014 April 26, 2024 Volume 12 Issue 12

[PMID: 34097031 DOI: 10.1093/eurjpc/zwab083]
6 Smith JR, Thomas RJ, Bonikowske AR, Hammer SM, Olson TP. Sex Differences in Cardiac Rehabilitation Outcomes. Circ Res 2022; 130: 

552-565 [PMID: 35175838 DOI: 10.1161/CIRCRESAHA.121.319894]
7 Beatty AL, Beckie TM, Dodson J, Goldstein CM, Hughes JW, Kraus WE, Martin SS, Olson TP, Pack QR, Stolp H, Thomas RJ, Wu WC, 

Franklin BA. A New Era in Cardiac Rehabilitation Delivery: Research Gaps, Questions, Strategies, and Priorities. Circulation 2023; 147: 254-
266 [PMID: 36649394 DOI: 10.1161/CIRCULATIONAHA.122.061046]

8 Taylor RS, Dalal HM, McDonagh STJ. The role of cardiac rehabilitation in improving cardiovascular outcomes. Nat Rev Cardiol 2022; 19: 
180-194 [PMID: 34531576 DOI: 10.1038/s41569-021-00611-7]

9 Nacarato D, Sardeli AV, Mariano LO, Chacon-Mikahil MPT. Cardiovascular telerehabilitation improves functional capacity, cardiorespiratory 
fitness and quality of life in older adults: A systematic review and meta-analysis. J Telemed Telecare 2022; 1357633X221137626 [PMID: 
36469017 DOI: 10.1177/1357633X221137626]

10 Owen O, O'Carroll V. The effectiveness of cardiac telerehabilitation in comparison to centre-based cardiac rehabilitation programmes: A 
literature review. J Telemed Telecare 2022; 1357633X221085865 [PMID: 35369770 DOI: 10.1177/1357633X221085865]

11 Stefanakis M, Batalik L, Antoniou V, Pepera G. Safety of home-based cardiac rehabilitation: A systematic review. Heart Lung 2022; 55: 117-
126 [PMID: 35533492 DOI: 10.1016/j.hrtlng.2022.04.016]

12 Ebinger JE, Lan R, Driver MP, Rushworth P, Luong E, Sun N, Nguyen TT, Sternbach S, Hoang A, Diaz J, Heath M, Claggett BL, Bairey 
Merz CN, Cheng S. Disparities in Geographic Access to Cardiac Rehabilitation in Los Angeles County. J Am Heart Assoc 2022; 11: e026472 
[PMID: 36073630 DOI: 10.1161/JAHA.121.026472]

13 Thomas RJ, Sapir O, Gomes PF, Iftikhar U, Smith JR, Squires RW. Advances, Challenges, and Progress in Cardiac Rehabilitation in Chronic 
CVD Management. Curr Atheroscler Rep 2023; 25: 247-256 [PMID: 37040008 DOI: 10.1007/s11883-023-01100-7]

14 Content VG, Abraham HM, Kaihoi BH, Olson TP, Brewer LC. Novel Virtual World-Based Cardiac Rehabilitation Program to Broaden 
Access to Underserved Populations: A Patient Perspective. JACC Case Rep 2022; 4: 911-914 [PMID: 35912322 DOI: 
10.1016/j.jaccas.2022.05.027]

15 Lee KCS, Breznen B, Ukhova A, Koehler F, Martin SS. Virtual healthcare solutions for cardiac rehabilitation: a literature review. Eur Heart J 
Digit Health 2023; 4: 99-111 [PMID: 36974268 DOI: 10.1093/ehjdh/ztad005]

16 Beatty AL, Brown TM, Corbett M, Diersing D, Keteyian SJ, Mola A, Stolp H, Wall HK, Sperling LS. Million Hearts Cardiac Rehabilitation 
Think Tank: Accelerating New Care Models. Circ Cardiovasc Qual Outcomes 2021; 14: e008215 [PMID: 34587751 DOI: 
10.1161/CIRCOUTCOMES.121.008215]

17 Hwang R, Gane EM, Morris NR. No transport? No worries! Cardiac telerehabilitation is a feasible and effective alternative to centre-based 
programs. Heart Fail Rev 2023; 28: 1277-1284 [PMID: 36802044 DOI: 10.1007/s10741-023-10301-w]

18 Golbus JR, Lopez-Jimenez F, Barac A, Cornwell WK 3rd, Dunn P, Forman DE, Martin SS, Schorr EN, Supervia M; Exercise, Cardiac 
Rehabilitation and Secondary Prevention Committee of the Council on Clinical Cardiology;  Council on Lifelong Congenital Heart Disease and 
Heart Health in the Young;  Council on Quality of Care and Outcomes Research;  and Council on Cardiovascular and Stroke Nursing. Digital 
Technologies in Cardiac Rehabilitation: A Science Advisory From the American Heart Association. Circulation 2023; 148: 95-107 [PMID: 
37272365 DOI: 10.1161/CIR.0000000000001150]

19 Kyaw TL, Ng N, Theocharaki M, Wennberg P, Sahlen KG. Cost-effectiveness of Digital Tools for Behavior Change Interventions Among 
People With Chronic Diseases: Systematic Review. Interact J Med Res 2023; 12: e42396 [PMID: 36795470 DOI: 10.2196/42396]

20 Antoniou V, Pasias K, Loukidis N, Exarchou-Kouveli KK, Panagiotakos DB, Grace SL, Pepera G. Translation, Cross-Cultural Adaptation and 
Psychometric Validation of the Greek Version of the Cardiac Rehabilitation Barriers Scale (CRBS-GR): What Are the Barriers in South-East 
Europe? Int J Environ Res Public Health 2023; 20 [PMID: 36901075 DOI: 10.3390/ijerph20054064]

21 Gibson I, McCrudden Z, Dunne D, Harris A, Hynes L, Murphy E, Murphy AW, Byrne M, McEvoy JW. Harnessing digital health to optimise 
the delivery of guideline-based cardiac rehabilitation during COVID-19: an observational study. Open Heart 2023; 10 [PMID: 36927866 DOI: 
10.1136/openhrt-2022-002211]

22 Ghisi GLM, Kim WS, Cha S, Aljehani R, Cruz MMA, Vanderlei LCM, Pepera G, Liu X, Xu Z, Maskhulia L, Venturini E, Chuang HJ, Pereira 
DG, Trevizan PF, Kouidi E, Batalik L, Ghanbari Firoozabadi M, Burazor I, Jiandani MP, Zhang L, Tourkmani N, Grace SL. Women's Cardiac 
Rehabilitation Barriers: Results of the International Council of Cardiovascular Prevention and Rehabilitation's First Global Assessment. Can J 
Cardiol 2023; 39: S375-S383 [PMID: 37747380 DOI: 10.1016/j.cjca.2023.07.016]

23 Bäuerle A, Mallien C, Rassaf T, Jahre L, Rammos C, Skoda EM, Teufel M, Lortz J. Determining the Acceptance of Digital Cardiac 
Rehabilitation and Its Influencing Factors among Patients Affected by Cardiac Diseases. J Cardiovasc Dev Dis 2023; 10 [PMID: 37103053 
DOI: 10.3390/jcdd10040174]

24 Lu L, Zhang J, Xie Y, Gao F, Xu S, Wu X, Ye Z. Wearable Health Devices in Health Care: Narrative Systematic Review. JMIR Mhealth 
Uhealth 2020; 8: e18907 [PMID: 33164904 DOI: 10.2196/18907]

25 Jones AK, Yan CL, Rivera Rodriquez BP, Kaur S, Andrade-Bucknor S. Role of wearable devices in cardiac telerehabilitation: A scoping 
review. PLoS One 2023; 18: e0285801 [PMID: 37256878 DOI: 10.1371/journal.pone.0285801]

26 Karihtala K, Leivonen S-K, Karjalainen-Lindsberg M-L. Checkpoint protein expression in the tumor microenvironment defines the outcome 
of classical Hodgkin lymphoma patients. Blood Adv. 2022;6(6):1919-1931. Blood Adv 2023; 7: 1432-1435 [PMID: 37052960 DOI: 
10.1182/bloodadvances.2022008775]

27 Imran TF, Wang N, Zombeck S, Balady GJ. Mobile Technology Improves Adherence to Cardiac Rehabilitation: A Propensity Score-Matched 
Study. J Am Heart Assoc 2021; 10: e020482 [PMID: 34278801 DOI: 10.1161/JAHA.120.020482]

28 Bostrom J, Sweeney G, Whiteson J, Dodson JA. Mobile health and cardiac rehabilitation in older adults. Clin Cardiol 2020; 43: 118-126 
[PMID: 31825132 DOI: 10.1002/clc.23306]

29 Baumel A, Muench FJ. Effort-Optimized Intervention Model: Framework for Building and Analyzing Digital Interventions That Require 
Minimal Effort for Health-Related Gains. J Med Internet Res 2021; 23: e24905 [PMID: 33709943 DOI: 10.2196/24905]

30 He J, Baxter SL, Xu J, Zhou X, Zhang K. The practical implementation of artificial intelligence technologies in medicine. Nat Med 2019; 25: 
30-36 [PMID: 30617336 DOI: 10.1038/s41591-018-0307-0]

31 Loukis EN, Maragoudakis M, Kyriakou N. Artificial intelligence-based public sector data analytics for economic crisis policymaking. 
Transform Gov-People 2020; 14: 639-662 [DOI: 10.1108/TG-11-2019-0113]
Sotirakos S, Fouda B, Mohamed Razif NA, Cribben N, Mulhall C, O'Byrne A, Moran B, Connolly R. Harnessing artificial intelligence in 32

http://www.ncbi.nlm.nih.gov/pubmed/34097031
https://dx.doi.org/10.1093/eurjpc/zwab083
http://www.ncbi.nlm.nih.gov/pubmed/35175838
https://dx.doi.org/10.1161/CIRCRESAHA.121.319894
http://www.ncbi.nlm.nih.gov/pubmed/36649394
https://dx.doi.org/10.1161/CIRCULATIONAHA.122.061046
http://www.ncbi.nlm.nih.gov/pubmed/34531576
https://dx.doi.org/10.1038/s41569-021-00611-7
http://www.ncbi.nlm.nih.gov/pubmed/36469017
https://dx.doi.org/10.1177/1357633X221137626
http://www.ncbi.nlm.nih.gov/pubmed/35369770
https://dx.doi.org/10.1177/1357633X221085865
http://www.ncbi.nlm.nih.gov/pubmed/35533492
https://dx.doi.org/10.1016/j.hrtlng.2022.04.016
http://www.ncbi.nlm.nih.gov/pubmed/36073630
https://dx.doi.org/10.1161/JAHA.121.026472
http://www.ncbi.nlm.nih.gov/pubmed/37040008
https://dx.doi.org/10.1007/s11883-023-01100-7
http://www.ncbi.nlm.nih.gov/pubmed/35912322
https://dx.doi.org/10.1016/j.jaccas.2022.05.027
http://www.ncbi.nlm.nih.gov/pubmed/36974268
https://dx.doi.org/10.1093/ehjdh/ztad005
http://www.ncbi.nlm.nih.gov/pubmed/34587751
https://dx.doi.org/10.1161/CIRCOUTCOMES.121.008215
http://www.ncbi.nlm.nih.gov/pubmed/36802044
https://dx.doi.org/10.1007/s10741-023-10301-w
http://www.ncbi.nlm.nih.gov/pubmed/37272365
https://dx.doi.org/10.1161/CIR.0000000000001150
http://www.ncbi.nlm.nih.gov/pubmed/36795470
https://dx.doi.org/10.2196/42396
http://www.ncbi.nlm.nih.gov/pubmed/36901075
https://dx.doi.org/10.3390/ijerph20054064
http://www.ncbi.nlm.nih.gov/pubmed/36927866
https://dx.doi.org/10.1136/openhrt-2022-002211
http://www.ncbi.nlm.nih.gov/pubmed/37747380
https://dx.doi.org/10.1016/j.cjca.2023.07.016
http://www.ncbi.nlm.nih.gov/pubmed/37103053
https://dx.doi.org/10.3390/jcdd10040174
http://www.ncbi.nlm.nih.gov/pubmed/33164904
https://dx.doi.org/10.2196/18907
http://www.ncbi.nlm.nih.gov/pubmed/37256878
https://dx.doi.org/10.1371/journal.pone.0285801
http://www.ncbi.nlm.nih.gov/pubmed/37052960
https://dx.doi.org/10.1182/bloodadvances.2022008775
http://www.ncbi.nlm.nih.gov/pubmed/34278801
https://dx.doi.org/10.1161/JAHA.120.020482
http://www.ncbi.nlm.nih.gov/pubmed/31825132
https://dx.doi.org/10.1002/clc.23306
http://www.ncbi.nlm.nih.gov/pubmed/33709943
https://dx.doi.org/10.2196/24905
http://www.ncbi.nlm.nih.gov/pubmed/30617336
https://dx.doi.org/10.1038/s41591-018-0307-0
https://dx.doi.org/10.1108/TG-11-2019-0113


Pepera G et al. Development of remote cardiac rehabilitation

WJCC https://www.wjgnet.com 2015 April 26, 2024 Volume 12 Issue 12

cardiac rehabilitation, a systematic review. Future Cardiol 2022; 18: 154-164 [PMID: 33860679 DOI: 10.2217/fca-2021-0010]
33 Whitelaw S, Pellegrini DM, Mamas MA, Cowie M, Van Spall HGC. Barriers and facilitators of the uptake of digital health technology in 

cardiovascular care: a systematic scoping review. Eur Heart J Digit Health 2021; 2: 62-74 [PMID: 34048508 DOI: 10.1093/ehjdh/ztab005]
34 Rosa C, Marsch LA, Winstanley EL, Brunner M, Campbell ANC. Using digital technologies in clinical trials: Current and future applications. 

Contemp Clin Trials 2021; 100: 106219 [PMID: 33212293 DOI: 10.1016/j.cct.2020.106219]
35 Abernethy A, Adams L, Barrett M, Bechtel C, Brennan P, Butte A, Faulkner J, Fontaine E, Friedhoff S, Halamka J, Howell M, Johnson K, 

Long P, McGraw D, Miller R, Lee P, Perlin J, Rucker D, Sandy L, Savage L, Stump L, Tang P, Topol E, Tuckson R, Valdes K. The Promise of 
Digital Health: Then, Now, and the Future. NAM Perspect 2022; 2022 [PMID: 36177208 DOI: 10.31478/202206e]

36 Bouabida K, Lebouché B, Pomey MP. Telehealth and COVID-19 Pandemic: An Overview of the Telehealth Use, Advantages, Challenges, 
and Opportunities during COVID-19 Pandemic. Healthcare (Basel) 2022; 10 [PMID: 36421617 DOI: 10.3390/healthcare10112293]

37 Basil NN, Ambe S, Ekhator C, Fonkem E. Health Records Database and Inherent Security Concerns: A Review of the Literature. Cureus 2022; 
14: e30168 [PMID: 36397924 DOI: 10.7759/cureus.30168]

38 Su JJ, Wong AK, Zhang LP, Bayuo J, Lin R, Abu-Odah H, Batalik L. Technology-assisted cardiac rehabilitation for coronary heart disease 
patients with central obesity: a randomized controlled trial. Eur J Phys Rehabil Med 2024; 60: 95-103 [PMID: 38059577 DOI: 
10.23736/S1973-9087.23.08111-X]

39 Winnige P, Vysoky R, Dosbaba F, Batalik L. Cardiac rehabilitation and its essential role in the secondary prevention of cardiovascular 
diseases. World J Clin Cases 2021; 9: 1761-1784 [PMID: 33748226 DOI: 10.12998/wjcc.v9.i8.1761]

40 Barreda-Ángeles M, Hartmann T. Experiences of Depersonalization/Derealization Among Users of Virtual Reality Applications: A Cross-
Sectional Survey. Cyberpsychol Behav Soc Netw 2023; 26: 22-27 [PMID: 36595349 DOI: 10.1089/cyber.2022.0152]

41 Peckmann C, Kannen K, Pensel MC, Lux S, Philipsen A, Braun N. Virtual reality induces symptoms of depersonalization and derealization: A 
longitudinal randomised control trial. Comput Human Behav 2022; 131: 107233 [DOI: 10.1016/j.chb.2022.107233]

42 Su JJ, Bayuo J, Lin RS, Batalik L, Chen X, Abu-Odah H, Chan EA. Providing compassionate care via eHealth. Nurs Ethics 2024; 
9697330231196226 [PMID: 38243793 DOI: 10.1177/09697330231196226]

http://www.ncbi.nlm.nih.gov/pubmed/33860679
https://dx.doi.org/10.2217/fca-2021-0010
http://www.ncbi.nlm.nih.gov/pubmed/34048508
https://dx.doi.org/10.1093/ehjdh/ztab005
http://www.ncbi.nlm.nih.gov/pubmed/33212293
https://dx.doi.org/10.1016/j.cct.2020.106219
http://www.ncbi.nlm.nih.gov/pubmed/36177208
https://dx.doi.org/10.31478/202206e
http://www.ncbi.nlm.nih.gov/pubmed/36421617
https://dx.doi.org/10.3390/healthcare10112293
http://www.ncbi.nlm.nih.gov/pubmed/36397924
https://dx.doi.org/10.7759/cureus.30168
http://www.ncbi.nlm.nih.gov/pubmed/38059577
https://dx.doi.org/10.23736/S1973-9087.23.08111-X
http://www.ncbi.nlm.nih.gov/pubmed/33748226
https://dx.doi.org/10.12998/wjcc.v9.i8.1761
http://www.ncbi.nlm.nih.gov/pubmed/36595349
https://dx.doi.org/10.1089/cyber.2022.0152
https://dx.doi.org/10.1016/j.chb.2022.107233
http://www.ncbi.nlm.nih.gov/pubmed/38243793
https://dx.doi.org/10.1177/09697330231196226


WJCC https://www.wjgnet.com 2016 April 26, 2024 Volume 12 Issue 12

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2024 April 26; 12(12): 2016-2022

DOI: 10.12998/wjcc.v12.i12.2016 ISSN 2307-8960 (online)

EDITORIAL

Pain management in chronic pancreatitis

Deb Sanjay Nag, Bhanu Pratap Swain, Rishi Anand, Tapas Kumar Barman, Vatsala

Specialty type: Medicine, research 
and experimental

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

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Dai YC, China

Received: December 25, 2023 
Peer-review started: December 25, 
2023 
First decision: February 9, 2024 
Revised: February 10, 2024 
Accepted: March 28, 2024 
Article in press: March 28, 2024 
Published online: April 26, 2024

Deb Sanjay Nag, Bhanu Pratap Swain, Rishi Anand, Tapas Kumar Barman, Vatsala, Department of 
Anaesthesiology, Tata Main Hospital, Jamshedpur 831001, India

Corresponding author: Deb Sanjay Nag, MBBS, MD, Doctor, Department of Anaesthesiology, 
Tata Main Hospital, C Road West, Northern Town, Bistupur, Jamshedpur 831001, India.  
ds.nag@tatasteel.com

Abstract
Pain in chronic pancreatitis (CP) is difficult to manage. Many patients suffer from 
inadequate pain relief, completely incapacitating them in their daily activities. 
Historically, despite their well-known adverse effects, opioids have been the pillar 
of treatment regimens in painful CP. The management is now gradually evolving 
with a better understanding of the underlying pathophysiology of CP-related 
pain. Clinicians should follow a holistic approach to the management of CP-
associated pain, which must involve lifestyle changes that are coupled with 
analgesic medications and other pain-relieving interventions. Furthermore, there 
is no easy cure for vanquishing CP-associated pain. Each patient must be 
evaluated on a case-by-case basis by a multidisciplinary team to decide which 
treatment option is best suited for that individual.

Key Words: Pancreatitis; Abdominal pain; Palliative care; Analgesics; Life style; Psy-
chology
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Core Tip: Management of pain associated with chronic pancreatitis (CP) is difficult 
because of the intricate pathophysiology of this pain and the lack of universal gui-
delines. Recent evidence suggests an altered central response to the chronic inflam-
matory changes in the pancreas, which may rewrite the approach to control pain in CP. 
Currently, several treatment modalities are available to clinicians. However, optimal 
patient care must be taken into account comprehensively with inputs from multiple 
disciplines.
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INTRODUCTION
Severe abdominal pain is the most debilitating symptom that is associated with chronic pancreatitis (CP)[1]. The patients 
typically describe a dull-aching pain around the epigastrium, which frequently radiates to the back and flanks. As the 
disease progresses, the pain becomes severe and excruciating[2]. This intractable pain, if not managed adequately, may 
drastically reduce the quality of life of patients by interfering with their physical, psychological, and social domains. Since 
there is no definitive cure for CP, its pain management is primarily aimed at providing patients with symptomatic relief 
and palliative care. Hence, adequate pain relief is fundamental to the pain management of CP. Despite our improved 
knowledge of chronic pain management, clinicians still face challenges in treating painful CP because of the complex 
nature of the disease process and the paucity of universal treatment guidelines. In the current editorial, we have delved 
into the pathophysiology of CP-associated pain and reviewed the recommended treatment modalities.

Pathophysiology of pain
Pain in CP is multifactorial and poorly understood. The pathophysiology of pain was believed earlier to be primarily due 
to the nociceptive inputs that arise from the inflammatory changes in the pancreas. However, recent evidence suggests 
that the pain is more neuropathic[3,4]. In the background of continuous bombardment of nociceptive inputs from the 
inflamed pancreas, there is neural modulation or sensitization of the peripheral and central nervous system. Neural 
sensitization is clinically exhibited by hyperalgesia and allodynia observed commonly in CP[5,6]. Additionally, electroen-
cephalographic and imaging studies have shown neural remodeling and functional changes in the central nervous system
[7,8]. Histopathologically, it is exhibited by neural hypertrophy, edema, and increased density of intrapancreatic nerves. 
These changes result in the development of neuroplasticity and a maladaptive response to pain[9]. There are two distinct 
types of clinical manifestations of pain in CP. The “A-type pain” or intermittent pain is characterized by discrete episodes 
of pain with pain-free periods in between. The “B-type pain” is described as persistent background pain with episodes of 
acute exacerbation[10]. Studies have shown that the intermittent type of pain has a more predicted response to treatment 
than the latter one (“B-type pain”)[11]. The mechanism of pain is summarized in Figure 1.

Pain management approaches in CP
Management of pain in CP requires a structured approach that focuses on the stage, type, and primary pathophysiology 
of the disease process. A consensus guideline has recently suggested a stepwise approach to managing pain in CP[12]. 
Even so, one approach may not fit all patients considering that every patient is different. Thus, an individualized 
treatment plan is the best means to provide optimum benefit to the patient.

Pain management in CP can be divided into the following sections: Pain assessment, lifestyle modification, dietary 
changes, pharmacotherapy, interventional pain management, endoscopic treatment, and surgical interventions.

Pain assessment in CP
The first step of pain management is the accurate assessment of the severity of pain. Multiple pain assessment tools are 
available, but very few have been validated to be employed in the pain management of CP. Simple pain rating scales such 
as the numeric rating scale and visual analog scale only measure the intensity of pain and neglect other aspects of pain
[13]. CP-associated pain is complex, with a significant psychosocial undertone; hence, it must be assessed through 
multidimensional pain scales. The Izbicki pain scale is specifically developed to address this aspect of pancreatic pain, but 
it is not appropriately validated to be applied in the pain management of CP[14].

The brief pain inventory pain assessment scale is a self-administered questionnaire-based tool validated to be used in 
CP-related pain management[15]. It quantifies the severity of pain and its impact on daily function including general 
activity, mood, behavior, and sleep[16]. The McGill pain questionnaire is another self-reporting measure of pain that can 
be useful in the pain management of CP. It provides a holistic view of pain severity by measuring the sensory, cognitive, 
and emotional aspects of pain[17]. Quantitative sensory testing helps assess and characterize pain mechanisms in patients 
with CP[18]. It can be employed in treatment-resistant cases of CP to assess pain sensitivity and to check the response of 
medications to pain[19].

Lifestyle modification and dietary changes
Patients with CP are strongly advised to abstain from alcohol and smoking. Studies have demonstrated that refraining 
from alcohol intake significantly reduces the frequency of recurrences in pancreatitis and painful episodes[20]. Smoking is 
frequently associated with alcoholism, and it can be an independent risk factor for pain exacerbation in CP[21].

A low-fat elemental diet has been extensively studied in CP for pain control, considering that it reduces pancreatic 
secretion and reduces pain by decreasing ductal pressure[22,23]. It is suggested to be more effective in the early stage of 
the disease when the exocrine function of the pancreas is preserved[23]. The early institution of the nasojejunal tube is 
also recommended. Besides improving the nutritional status of the patient, nasojejunal feeding also reduces pain[24]. The 
benefit is achieved probably by a reduction in pancreatic secretion or may be due to bypassing of the stomach. The latter 
explanation is more plausible since delayed gastric emptying is common in CP cases[25].

Pancreatic enzymes have been shown to ameliorate pain in CP by negative feedback inhibition of pancreatic secretion
[26]. It works by degrading the cholecystokinin-releasing factor that releases cholecystokinin responsible for the 
stimulation of pancreatic secretion[27]. The preparation of pancreatic enzyme must be in the uncoated form (nonacid 
protected form) to be effective, since the acid resistance form (coated form) may not get released in the duodenum. 
Nevertheless, a systemic review and meta-analysis was not able to come up with significant evidence of pain relief in CP 
by using pancreatic enzymes[28].
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Figure 1  Mechanism of pain in chronic pancreatitis.

Antioxidants are advocated with the rationale that there is micronutrient deficiency in CP that results in oxidative 
stress and free radical injury[29]. A combination of antioxidants (β-carotene, vitamin C, vitamin E, selenium, and 
methionine) with other pain-relieving medication (Pregabalin) has been shown to avert painful episodes and recurrences
[30,31].

Analgesic medication
The World Health Organization (WHO) analgesic ladder has been an enduring guide for the management of cancer pain 
for more than two decades, and it is still applicable in planning treatment for pain in CP[32]. The WHO ladder reco-
mmends stepwise escalation of analgesics with increasing potency until pain relief is achieved. Paracetamol and 
nonsteroidal anti-inflammatory drugs (NSAIDs) are the first line of analgesics advocated for mild to moderate pain. 
Although paracetamol is safe in CP, it cannot be a standalone medication to provide satisfactory pain relief[26]. It is 
usually effective when combined with other medications. NSAIDs are better avoided, considering that patients suffering 
from CP are prone to develop duodenal and gastric ulcers[33,34].

Opioids are invariably added to the pain management regimen as pain severity increases in CP. Despite this, opioids 
are the most prescribed medications to manage pain, and their role is controversial in nonmalignant chronic pain 
scenarios such as those of CP-related pain[35]. The controversy is further aggravated by the widespread prevalence of 
opioid abuse. The recommendation is that opioids should never be the first-line therapy[36]. Before initiating opioid 
therapy, clinicians must be aware of the long-term side effects including misuse, addiction, opioid-induced hyperalgesia, 
and bowel dysfunction[37]. The patient who is on opioid therapy, especially strong opioids such as morphine, must be 
monitored closely to look for the development of such adverse effects. Tramadol, a weak opioid, is suggested to be more 
effective than morphine in controlling pain in CP with an equianalgesic dose[38]. It does not have any serious adverse 
effects or dependency potential in therapeutic doses, unlike strong opioids. Tramadol has weak activity on the μ-opioid 
receptor with an additional inhibitory effect on noradrenaline and serotonin reuptake[39]. It modulates the descending 
inhibitory pain pathway and can play a significant role in managing central sensitization associated with CP[40]. A 
maximum adult dose of 400 mg/day can be advocated safely in patients with CP. Transdermal preparation of opioids is 
also used, but it is usually reserved for patients who cannot tolerate oral preparations[41].

Considering that the neural mechanism of pain in CP is now well established, the drugs interfering with neural 
transmission are expected to be efficacious. Anticonvulsants (pregabalin and gabapentin), tricyclic antidepressants 
(amitriptyline), and selective serotonin reuptake inhibitors or selective norepinephrine reuptake inhibitor (duloxetine) are 
the centrally acting drugs commonly used to treat neuropathic pain and can be beneficial in CP[42]. Pregabalin has been 
extensively researched in patients with CP. It reduces synaptic release of neurotransmitters (glutamate, noradrenaline, 
and substance-P) by binding to alpha2-delta subunits of voltage-gated Ca2+ channel and thereby reducing neuronal 
excitability. Pregabalin must be started at a low dose to prevent its neurological adverse effects and slowly escalate until 
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clinical benefit is appreciated[43]. The maximum recommended dose of pregabalin is 600 mg. Likewise, gabapentin, 
amitriptyline, and duloxetine can be tried as monotherapy or preferably in combination with other analgesics.

Other novel medications such as ketamine, an N-methyl-D-aspartate antagonist, can be effective by enhancing 
descending inhibition of pain in CP[43]. The S-enantiomer of ketamine is particularly more effective with fewer psycho-
somatic side effects and is currently being used in an ongoing trial that involves CP patients[44]. Somatostatin-analog 
inhibits pancreatic secretions and can lessen pain by reducing ductal pressure. However, current data are limited to 
suggest its use. Certain experimental drugs such as clonidine and benzodiazepines may be tried in the patient’s refractory 
to conventional medications[12].

Interventional pain management approaches
Recent evidence suggested that patients of CP may benefit from sympathetic blocks such as celiac plexus and splanchnic 
nerve blocks[45,46]. These minimally invasive interventions can reduce analgesic requirements and may be considered as 
parts of a multimodal analgesic strategy. In one study, pulsed radiofrequency ablation of celiac plexus provided excellent 
pain relief in two cases of CP[47]. Spinal cord stimulation has shown significant pain relief in multiple studies[48,49]. It 
may be used in cases of CP refractory to analgesic medications.

Psychological intervention and standardized nursing interventions
The emotional and psychological impact of pain in CP is often a neglected aspect. Recent data support the use of beha-
vioral interventions as part of a multidisciplinary approach in the management of pain in CP. Cognitive–behavioral 
therapy is one such intervention that has proved to be useful in reducing pain intensity and enhancing quality of life by 
helping patients cope with pain better[50]. Protocolized nursing interventions with focused stress reduction can 
effectively mitigate pain, anxiety, and depression in pancreatitis[51].

Endoscopic therapy and surgical management
Endoscopic retrograde cholangiopancreatography (ERCP) is one of the most common modalities utilized in the treatment 
of painful CP. Endoscopic therapy is particularly useful in patients with obstructive pathology in the main pancreatic 
duct. The rationale behind it is that it releases the outflow obstruction and decompresses the pancreas, thereby reducing 
the pain[52]. Often extracorporeal shockwave lithotripsy is carried out to reduce pain in CP, especially in cases of large 
pancreatic stones localized in the head of the pancreas[53].

Surgical management was once the last resort employed when all other modalities failed to provide pain relief in CP. 
Nevertheless, evidence for the benefits of early surgical interventions is now emerging[54,55]. The surgical approach for 
pain management in CP depends on the morphological changes in the pancreas, duration of the disease, and response to 
other treatment modalities. Three modalities of surgery are commonly employed: Decompression surgery, resection, and 
a combined procedure depending on the pathology in the pancreas. The optimal timing of surgery is controversial. 
However, surgery should not be delayed beyond 2–3 years of onset of CP and should be done before the patient develops 
central sensitization[56].

CONCLUSION
The current evidence suggests that CP-associated pain is less of a nociceptive and more of a neuropathic type with sig-
nificant psychosocial connotation. Neural sensitization along with neuroplastic changes in the nervous system causes the 
pain refractory to conventional treatment. Therefore, treatment modality should be aimed at preventing the development 
of neural sensitization by judicious use of medications and other interventional modalities. Pain assessment in CP should 
be conducted by using validated multidimensional pain scales to have a better understanding of the pain and its impact 
on daily living. To minimize painful episodes, lifestyle modification by complete abstinence from alcohol and smoking is 
strongly recommended. A low-fat elemental diet and nutritional delivery by nasojejunal tube may have an impact on 
pain recurrence by reducing pancreatic secretion. Pancreatic enzymes and antioxidants in combination with other 
medications are useful pain-relieving measures, although evidence regarding their effectiveness is equivocal. The WHO 
pain ladder should be employed as a guide for the timing and escalation of analgesics. NSAIDs should be avoided, and 
paracetamol should be used in combination with other drugs. Tramadol has proven beneficial in painful CP with a good 
safety profile. Stronger opioids like morphine must be used cautiously because of their serious long-term impact on pain 
pathophysiology. Central medications like pregabalin appear to be the mainstay of treatment as monotherapy or in 
combination with other modalities. Endoscopic treatment (ERCP) should be the first line of management in cases of 
ductal obstruction due to stricture or stone. Surgery can be a game changer in pain management selected cases, but the 
optimal timing of surgery is crucial for its success. The various intervention methods in CP are summarized in Figure 2.

In conclusion, our current understanding of the etiopathogenesis of pain in CP opens multiple pain-relieving options 
for clinicians. However, to provide the best possible treatment modalities for the successful management of pain in CP, a 
multidisciplinary approach that involves gastroenterologists, surgeons, and pain physicians must be developed.
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Figure 2 Intervention methods in chronic pancreatitis. NSAIDS: Non-steroidal anti-inflammatory drugs; ESWL: Extracorporeal shock wave lithotripsy; CBT: 
Cognitive behavioral therapy; SSRI: Selective serotonin reuptake inhibitors; SNRI: Selective norepinephrine reuptake inhibitors; TCA: Tricyclic antidepressants; -: No 
response/Inadequate response.
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Abstract
In this editorial, we comment on the article by Wang and Long, published in a 
recent issue of the World Journal of Clinical Cases. The article addresses the 
challenge of predicting intensive care unit-acquired weakness (ICUAW), a 
neuromuscular disorder affecting critically ill patients, by employing a novel 
processing strategy based on repeated machine learning. The editorial presents a 
dataset comprising clinical, demographic, and laboratory variables from intensive 
care unit (ICU) patients and employs a multilayer perceptron neural network 
model to predict ICUAW. The authors also performed a feature importance 
analysis to identify the most relevant risk factors for ICUAW. This editorial 
contributes to the growing body of literature on predictive modeling in critical 
care, offering insights into the potential of machine learning approaches to 
improve patient outcomes and guide clinical decision-making in the ICU setting.
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Core Tip: Predicting intensive care unit-acquired weakness (ICUAW) is crucial for improving patient outcomes. This 
editorial presents the potential of machine learning, specifically the multilayer perceptron neural network model, in 
predicting ICUAW. Insights into ICUAW risk factors and guides clinical decision-making in critical care are offered. The 
importance of developing accurate and reliable predictive models to improve patient outcomes in the intensive care unit 
setting is also emphasized.

Citation: Ardila CM, González-Arroyave D, Zuluaga-Gómez M. Predicting intensive care unit-acquired weakness: A multilayer 
perceptron neural network approach. World J Clin Cases 2024; 12(12): 2023-2030
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2023.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2023

INTRODUCTION
Intensive care unit-acquired weakness (ICUAW) is a neuromuscular disorder that affects patients who have been 
admitted to an intensive care unit (ICU) for an extended period[1]. It is characterized by a generalized weakness that can 
affect both the respiratory and limb muscles, leading to difficulties in breathing, moving, and performing activities of 
daily living[1,2]. ICUAW can result from a combination of factors, including immobility, prolonged use of mechanical 
ventilation, and systemic inflammation[1].

ICUAW is a significant concern in critical care medicine for several reasons including prognostic indicators, impact on 
functional outcomes, resource utilization, and clinical decision-making[1-3].

The development of ICUAW is associated with increased morbidity and mortality rates among ICU patients. Patients 
with ICUAW are at higher risk of complications such as pneumonia, sepsis, and prolonged hospital stays. Predicting the 
development of ICUAW can help clinicians identify high-risk patients early and implement preventive measures to 
mitigate its impact[1,2]. ICUAW can have long-term consequences on a patient's functional status and quality of life. It 
can lead to muscle wasting, weakness, and difficulty in performing basic activities, which can impair the patient's ability 
to return to their pre-ICU level of functioning. Predicting ICUAW can help clinicians develop targeted rehabilitation 
programs to improve patient outcomes[1,3]. ICUAW can increase the need for prolonged mechanical ventilation, rehabil-
itation services, and long-term care, leading to increased healthcare costs and resource utilization. Predicting ICUAW can 
help healthcare providers allocate resources more efficiently and improve the cost-effectiveness of care delivery[1-3]. 
Predicting ICUAW can inform clinical decision-making regarding the use of sedation, mechanical ventilation, and 
physical therapy interventions. Early identification of patients at risk of developing ICUAW can guide the imple-
mentation of preventive strategies and optimize patient care[2,3].

Overall, predicting the performance of ICUAW is important for improving patient outcomes, optimizing resource 
utilization, and guiding clinical decision-making in the critical care setting. It allows healthcare providers to identify high-
risk patients early and implement targeted interventions to mitigate the impact of ICUAW on patient morbidity and 
mortality. However, predicting ICUAW is challenging due to its multifactorial nature and the lack of a gold standard 
diagnostic test[1-3].

However, several methods have been used to assess the risk of ICUAW and predict its development including clinical 
assessment, electrophysiological testing, biomarkers, muscle ultrasound, and machine learning models[1,4-6]. Clinicians 
often use a combination of clinical signs and symptoms to assess the risk of ICUAW. These may include muscle 
weakness, difficulty weaning from mechanical ventilation, and prolonged ICU stay. However, clinical assessment alone 
may not be sensitive or specific enough to accurately predict ICUAW[1-4]. Electrophysiological tests, such as 
electromyography and nerve conduction studies, can assess the function of the peripheral nerves and muscles. These tests 
can detect abnormalities in nerve conduction and muscle activation, which may indicate the presence of ICUAW. 
However, these tests are invasive, time-consuming, and may not be feasible in critically ill patients[1-3,5-7]. Biomarkers, 
such as creatine kinase and myosin light chain, have been investigated as potential indicators of muscle injury and 
ICUAW. Elevated levels of these biomarkers may suggest muscle damage, but their specificity for ICUAW is limited, and 
they may also be elevated in other conditions[1-3,6,8]. Muscle ultrasound can assess muscle thickness and echogenicity, 
which may be altered in patients with ICUAW. However, the interpretation of ultrasound findings can be subjective, and 
the technique may be operator-dependent[1-3,9]. Table 1 illustrates the strengths and weaknesses of these methods for 
predicting ICUAW.

Recent studies have explored the use of machine learning models, such as artificial neural networks, to predict 
ICUAW. These models can analyze large datasets and identify patterns that may be predictive of ICUAW. However, the 
performance of these models may vary depending on the quality and size of the dataset used for training[1-3,8,9].

THE MULTILAYER PERCEPTRON NEURAL NETWORK MODEL
The multilayer perceptron (MLP) neural network model is a type of artificial neural network that has been widely used in 
various fields, including healthcare, for predictive modeling tasks[10]. It is a feedforward neural network with multiple 
layers of nodes (neurons) that are interconnected by weighted edges. Each node in the input layer represents a feature of 

https://www.wjgnet.com/2307-8960/full/v12/i12/2023.htm
https://dx.doi.org/10.12998/wjcc.v12.i12.2023


Ardila CM et al. Predicting ICU-AW using neural network

WJCC https://www.wjgnet.com 2025 April 26, 2024 Volume 12 Issue 12

Table 1 Strengths and weaknesses of existing approaches to predicting intensive care unit-acquired weakness

Approach Strengths Weaknesses

Clinical assessment Clinicians can use clinical signs and symptoms to assess the risk of 
ICUAW, which is a non-invasive and readily available method

Clinical signs and symptoms may not be sensitive or 
specific enough to accurately predict ICUAW

Electrophysiological 
Testing

Electrophysiological tests, such as electromyography and nerve 
conduction studies, can provide objective measures of muscle function 
and help diagnose ICUAW

Electrophysiological tests are invasive, time-
consuming, and may not be feasible in critically ill 
patients

Biomarkers Biomarkers, such as creatine kinase and myosin light chain, can indicate 
muscle damage and may be useful for diagnosing ICUAW

Biomarkers are not specific to ICUAW and may be 
elevated in other conditions

Muscle ultrasound Muscle ultrasound can provide information about muscle thickness and 
echogenicity, which can be altered in patients with ICUAW

The interpretation of ultrasound findings can be 
subjective, and the technique may be operator-
dependent

ICUAW: Intensive care unit-acquired weakness.

the input data, and each node in the output layer represents a prediction or classification label. The nodes in the hidden 
layers perform nonlinear transformations of the input data, allowing the model to capture complex patterns and 
relationships in the data[11].

The MLP model has several advantages that make it a potential solution to improve prediction accuracy for ICUAW. 
The MLP model can capture nonlinear relationships between input features and the target variable[11], which is essential 
for predicting complex medical conditions like ICUAW that may involve multiple interacting factors. The MLP model can 
automatically learn relevant features from the input data, reducing the need for manual feature engineering and 
potentially capturing subtle patterns that may be missed by traditional statistical models[12]. The MLP model can be 
easily scaled to handle large datasets with many features, making it suitable for analyzing electronic health record data 
and other healthcare datasets[13]. The MLP model can generalize well to new data, making it suitable for predicting 
ICUAW in different patient populations or healthcare settings[10]. Although MLP models are often considered "black 
box" models, techniques such as feature importance analysis and model visualization can help interpret the model's 
predictions[14] and understand the factors that contribute to ICUAW risk. There are several open-source libraries and 
tools available for building and training MLP models, making them accessible to researchers and clinicians without 
extensive machine-learning expertise[15].

Overall, the MLP neural network model is a promising approach for predicting ICUAW, and its flexibility, scalability, 
and ability to capture complex patterns in the data make it a potential solution to improve prediction accuracy for this 
condition. However, further research is needed to validate the model's performance in larger patient populations and to 
identify the most effective predictive variables.

ICU PREDICTION MODELS THAT HAVE USED NEURAL NETWORK AND MACHINE LEARNING MODELS
Several studies have investigated the use of prediction models, including those based on neural networks and machine 
learning models to assess the risk of ICU and improve patient outcomes.

Neural network-based models
The study by Benyó et al[16] focuses on computational glycemic mechanism (GM) used to manage stress-caused hyperg-
lycemia in ICUs. The Stochastic-TARgeted GM procedure, employed in ICUs across several countries, is a simulation-
driven GM procedure that utilizes a personalized, algorithmic insulin sensitivity to explain the individual's current 
condition. The research presents two methodologies rooted in neural networks for forecasting the individual's insulin 
sensitivity factor: A deep neural network for classification and a technique based on Mixture Density networks. These 
methods are trained using treatment data from three distinct patient cohorts. The precision of the neural network 
forecasts is contrasted with the existing computational model predictions employed in clinical practice, and it is found to 
be either matching or surpassing the benchmark. The authors propose that these approaches could present a hopeful 
substitute in computational treatment planning for individual health status prognosis, but they emphasize the need for 
further research, including in-silico simulations and clinical validation trials, to validate these findings[16].

The study by Pappada et al[17] emphasizes the critical importance of achieving glycemic control in patients in ICUs, as 
it has been associated with reduced mortality, shorter ICU stays, and lower risks of complications such as infection. 
However, maintaining glycemic control in this setting is challenging due to the diverse range of illnesses and patient 
conditions. The study collected continuous glucose monitoring (CGM) data and other relevant measures from the 
electronic medical records of 127 patients for the first 72 h of ICU care. These patients had either type 1 or type 2 diabetes 
or had a glucose value > 150 mg/dL upon admission to the ICU. The researchers developed a neural network-based 
model to predict a complete trajectory of glucose values up to 135 min in advance. The model's accuracy was validated 
using data from 15 patients not included in the training set, simulating real-world healthcare settings. The predictive 
models showed improved accuracy and performance compared to previous models developed by the research team. The 
model error, expressed as the mean absolute difference percent, was 10.6% for interstitial glucose values and 15.9% for 
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serum blood glucose values collected 135 min in the future. A Clarke Error Grid Analysis of model predictions 
concerning the reference CGM, and blood glucose measurements revealed that over 99% of model predictions could be 
considered clinically acceptable and would not lead to inaccurate insulin therapy or treatment recommendations. This 
high level of clinical acceptability suggests that these models could be valuable tools within a clinical decision support 
system to assist healthcare providers in optimizing glycemic management in critical care patients[17].

The study by Wang and Long[9] recently published in the World Journal of Clinical Cases, focuses on identifying 
significant risk factors for ICUAW and offering recommendations for its prevention and treatment. The study utilized a 
MLP neural network model to analyze data from the initial 14 d of ICU stay, including age, comorbidities, sedative and 
vasopressor dosages, duration of mechanical ventilation, length of ICU stays, and rehabilitation therapy. The rela-
tionships between these variables and ICUAW were examined. The study found that age, duration of mechanical 
ventilation, lorazepam and adrenaline dosages, and length of ICU stay were significantly higher in the ICUAW group. 
Additionally, several comorbidities and conditions were significantly more prevalent in the ICUAW group. The most 
influential factors contributing to ICUAW were identified as the length of ICU stay and the duration of mechanical 
ventilation. The neural network model developed in the study predicted ICUAW with high accuracy, sensitivity, and 
specificity. These findings highlight the importance of minimizing both ICU stay and mechanical ventilation duration as 
primary preventive strategies for ICUAW.

Machine learning models
The study by Chang et al[18] focuses on predicting the need for ICU admission in patients with myasthenia gravis (MG), 
an autoimmune neuromuscular disorder characterized by muscle weakness. Although specialized neuro-intensive care 
can lead to good long-term outcomes, predicting the need for ICU care is critical for optimizing patient management. The 
study used three machine learning-based decision tree algorithms to predict ICU admission in 228 MG patients admitted 
between 2015 and 2018. The C5.0 decision tree outperformed the other models and identified several significant risk 
factors for ICU admission, including the Myasthenia Gravis Foundation of America clinical classification at admission, 
thymoma history, azathioprine treatment history, disease duration, sex, and onset age. The developed decision tree can 
serve as a supportive tool for clinicians to identify MG patients who require intensive care, thereby improving the quality 
of care and potentially reducing morbidity and mortality.

The study by Tran et al[8] concentrates on crafting a clinical tool grounded in machine learning to anticipate muscle 
ailment subcategories utilizing multi-cohort microarray expression information. The information was curated from 42 
separate cohorts with expression outlines in publicly available gene sources, encompassing a diverse spectrum of subject 
ages and muscle tissue samples from non-central regions. The research classified cohorts into five categories of muscle 
disorders: Limited mobility, inflammatory muscle diseases, ICU-acquired weakness, congenital conditions, and chronic 
systemic illnesses. The dataset includes evidence on 34.099 genes, and procedures to augment the information was 
employed to rectify imbalances in subtype representation within muscle disorders. Support direction mechanism 
algorithms were trained on two-thirds of the 1260 samples using the most significant gene signatures identified through 
statistical tests. Validation of the model was conducted on the residual testers utilizing the area under the receiver 
operator curve (AUC). The study found that chronic systemic disease was the best-predicted class with an AUC of 0.872, 
while ICUAW and immobility were the least discriminated classes with AUCs of 0.777 and 0.789, respectively. Condition-
particular gene set enhancement findings revealed that the genetic profile exhibited improvement in biological pathways 
such as proliferation of neural progenitor cells for ICU-acquired weakness and aerobic metabolism for congenital 
conditions. The research concludes that the devised molecular categorization instrument featuring the chosen genetic 
indicators for categorizing muscle disorders fills a notable void in the literature on muscular ailments and introduces a 
potentially valuable diagnostic aid for discerning muscle disorder variety in clinical practice.

In summary, these investigations underscore the promise of prediction models in evaluating risk and enhancing 
patient outcomes. Nonetheless, additional research is required to validate these models across larger patient cohorts and 
to pinpoint the most efficacious predictive variables.

DATASET USED TO TRAIN AND TEST THE MLP MODEL
The dataset used to train and test the MLP model for predicting ICUAW would typically consist of a variety of clinical 
and demographic variables collected from patients admitted to the ICU. The variables that could be included in the 
model are presented in Table 2.

The dataset would typically be divided into two subsets: A training set and a test set. The training set would be used to 
train the MLP model, while the test set would be used to evaluate the model's performance. The dataset may also be 
divided into a validation set, which is used to tune the model's hyperparameters and prevent overfitting. It is important 
to note that the dataset should be large enough to adequately represent the patient population and include enough 
patients who develop ICUAW to allow for meaningful analysis. Additionally, missing data and outliers should be 
carefully handled to ensure the reliability of the model's predictions.
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Table 2 Variety of clinical and demographic variables collected from patients admitted to the intensive care unit

Patient profile and assessment Variable

Age

Sex

Race

Demographic information

Other demographic characteristics of the patient

Comorbidities

Severity of illness scores (e.g., APACHE II, SOFA)

Clinical characteristics

Reason for ICU admission

Creatinine

Liver function tests

Complete blood count

Laboratory values

Inflammatory markers

Heart rate

Blood pressure

Respiratory rate

Vital signs

Temperature

Sedatives

Analgesics

Neuromuscular blocking agents

Medication and treatment

Other medications

Duration of mechanical ventilation

Mode of ventilation

Mechanical ventilation

Ventilator settings

Muscle strength and function Assessment of muscle strength (e.g., Medical Research Council scale, handgrip dynamometer)

Glasgow coma scale score

Neurological examination findings

Neurological status

Presence of delirium

Functional status Pre-ICU functional status (e.g., ability to perform activities of daily living)

Development of ICUAW

Duration of ICU stay

Duration of mechanical ventilation

Outcomes

Mortality

ICU: Intensive care unit; ICUAW: Intensive care unit-acquired weakness.

SPECIFIC FEATURES AND PARAMETERS OF THE MLP MODEL FOR PREDICTING ICUAW
The specific features and parameters of the MLP model for predicting ICUAW can vary depending on the dataset and the 
specific implementation of the model. However, some common features and parameters must be included, such as the 
number of layers, activation functions, optimization algorithm, regularization, batch size, learning rate, and dropout rate.

The MLP model typically consists of an input layer, one or more hidden layers, and an output layer. The number of 
hidden layers and the number of nodes (neurons) in each layer are hyperparameters that need to be determined based on 
the complexity of the dataset and the desired level of prediction accuracy[11-13,19].

Activation functions are used to introduce nonlinearity into the model, allowing it to capture complex patterns in the 
data. Common activation functions used in MLP models include the sigmoid function, the hyperbolic tangent function, 
and the rectified linear unit function[11-14].
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The optimization algorithm is used to update the weights of the model during training to minimize the loss function. 
Common optimization algorithms used in MLP models include stochastic gradient descent (SGD), Adam, and RMSprop
[11-14].

Regularization techniques, such as L1 and L2 regularization, are used to prevent overfitting by penalizing large 
weights in the model. Dropout is another regularization technique that randomly drops a fraction of the nodes in each 
layer during training to prevent co-adaptation of neurons[11-13].

The batch size is the number of samples used to compute the gradient of the loss function during each iteration of 
training. A smaller batch size may lead to faster convergence but may result in noisy updates, while a larger batch size 
may lead to more stable updates but may require more memory[11-14].

The learning rate is a hyperparameter that determines the size of the step taken by the optimization algorithm during 
each iteration of training. A higher learning rate may lead to faster convergence but may result in overshooting the 
minimum of the loss function, while a lower learning rate may lead to slower convergence but may result in more stable 
updates[11-14].

The dropout rate is the fraction of nodes that are randomly dropped during training. A higher dropout rate may lead 
to more regularization but may result in slower convergence, while a lower dropout rate may lead to faster convergence 
but may result in overfitting[12-15].

These are just some of the features and parameters that can be used in an MLP model for predicting ICUAW. The 
specific choices of features and parameters should be based on the characteristics of the dataset and the desired level of 
prediction accuracy.

PROCESS OF TRAINING AND VALIDATING THE MLP MODEL FOR PREDICTING ICUAW
The process of training and validating the MLP model for predicting ICUAW involves several steps, including data 
preprocessing, model training, hyperparameter tuning, cross-validation, model evaluation, and interpretation (Figure 1). 
The step-by-step process is described below.

The first step is to preprocess the dataset by handling missing values, normalizing numerical features, and encoding 
categorical variables. This ensures that the data is in a suitable format for training the model. Next, the MLP model is 
trained using the training set. During training, the model's weights are updated iteratively using an optimization 
algorithm (e.g., SGD) to minimize the loss function. The loss function measures the difference between the model's 
predictions and the actual outcomes[20]. Hyperparameters are parameters that are not learned during training but are set 
before training begins. Examples of hyperparameters include the number of hidden layers, the number of nodes in each 
layer, the learning rate, and the dropout rate. Hyperparameter tuning involves selecting the optimal values for these 
hyperparameters to improve the model's performance. This can be done using techniques such as grid search, random 
search, or Bayesian optimization[21]. Cross-validation is a technique used to assess the generalization performance of the 
model. It involves splitting the dataset into multiple subsets (folds), training the model on some of the folds, and 
evaluating its performance on the remaining folds. This process is repeated multiple times, with different subsets used for 
training and evaluation each time. The average performance across all folds is used as an estimate of the model's general-
ization performance[10]. Once the model has been trained and validated, its performance is evaluated using the test set, 
which was not used during training or validation. The evaluation metrics used to assess the model's performance may 
include accuracy, precision, recall, F1 score, and area under the receiver operating characteristic curve[22]. These metrics 
provide insights into the model's ability to correctly classify patients with and without ICUAW. After evaluating the 
model, it is important to interpret its predictions and understand the factors that contribute to ICUAW risk. Techniques 
such as feature importance analysis and model visualization can help identify the most important predictive variables 
and understand the model's decision-making process[10,21,22]. The process is iterative and may involve multiple rounds 
of data preprocessing, model training, hyperparameter tuning, cross-validation, model evaluation, and interpretation.

By following these steps, researchers and clinicians can develop and validate an MLP model for predicting ICUAW 
that is accurate, reliable, and interpretable.

CONCLUSION
This editorial on predicting ICUAW using an MLP neural network model presents a comprehensive approach to 
addressing the challenges associated with predicting ICUAW. By leveraging the capabilities of the MLP model, 
researchers and clinicians can develop a predictive model that is accurate, reliable, and interpretable. The editorial 
highlights the importance of predicting ICUAW for improving patient outcomes, optimizing resource utilization, and 
guiding clinical decision-making in the critical care setting. The editorial presents the strengths and weaknesses of 
existing approaches to predicting ICUAW, including clinical assessment, electrophysiological testing, biomarkers, and 
muscle ultrasound. It emphasizes the limitations of these approaches and how the MLP model addresses these limitations 
by providing a nonlinear modeling approach, feature learning capabilities, scalability, generalization, and interpretability.
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Figure 1 Training and validating the multilayer perception model for predicting intensive care unit-acquired weakness. AUC-ROC: Area 
under the receiver operating characteristic curve.
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Abstract
Gluten ataxia and other central nervous system disorders could be linked to 
gluten enteropathy and related autoantibodies. In this narrative review, we focus 
on the various neuro-logical manifestations in patients with gluten sensiti-
vity/celiac disease, immunological and autoimmune mechanisms of ataxia in 
connection to gluten sensitivity and the autoantibodies that could be used as a 
biomarker for diagnosing and following. We focused on the anti-gliadin 
antibodies, antibodies to different isoforms of tissue transglutaminase (TG) (anti-
TG2, 3, and 6 antibodies), anti-glycine receptor antibodies, anti-glutamine acid 
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decarboxylase antibodies, anti-deamidated gliadin peptides antibodies, etc. Most studies found a higher prevalence 
of these antibodies in patients with gluten sensitivity and neurological dysfunction, presented as different 
neurological disorders. We also discuss the role of a gluten-free diet on the clinical improvement of patients and 
also on imaging of these disorders.

Key Words: Gluten ataxia; Celiac disease; Gluten enteropathy; Autoantibodies; Anti-gliadin antibodies; Anti-bodies to tissue 
transglutaminase; Anti-tissue transglutaminase antibodies; Anti-transglutaminase 6 antibodies; Anti-glycine receptor 
antibodies; Anti-glutamine acid decarboxylase antibodies
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Core Tip: Crucial insights into the complex nexus between gluten enteropathy and neurological disorders underscore the 
significance of specific autoantibodies. Anti-gliadin, anti-transglutaminase 2, anti-glycine receptor, anti-glutamine acid 
decarboxylase, and anti-deamidated gliadin peptides antibodies emerge as pivotal biomarkers, linking conditions from the 
gluten spectrum to diverse neurological manifestations. The prevalence of these antibodies in patients with gluten 
enteropathy and associated neurological dysfunction offers a diagnostic compass. Furthermore, the transformative impact of 
a gluten-free diet on clinical outcomes highlights its therapeutic relevance.
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INTRODUCTION
Ataxia (from the Greek "lack of order") is a spectrum of neurological symptoms characterized by a dysfunction of motor 
control affecting coordination and balance, occasionally also accompanied by cognitive impairment. Depending on the 
affected area of the nervous system, ataxia could be divided into cerebellar, sensory or vestibular and, depending on the 
causative factor, into sporadic, hereditary and acquired[1].

Celiac disease (CD) is a chronic, multisystemic, autoimmune condition caused by gluten consumption in genetically 
susceptible individuals. Almost 20 years ago, Fasano and Catassi[2] reported that for every one patient with gluten 
enteropathy with gastrointestinal symptoms, there are seven patients with extraintestinal manifestations. Moreover, it is 
assumed that the small bowel is no longer "the sole protagonist in gluten sensitivity"[3].

Conditions like dermatitis herpetiformis, gluten ataxia, etc., changed our perspective on CD. Although neurological 
disorders have been observed in patients with biopsy-proven CD[4]. Hadjivassiliou et al[5] demonstrated that gluten 
sensitivity, and gluten enteropathy particularly, can manifest as neurological dysfunction alone. The most prevalent 
neurological symptom of gluten enteropathy is ataxia (gluten ataxia)[6]. However, only a subset of individuals who 
present with neurological impairment due to gluten sensitivity will also have an enteropathy[7].

Additionally, idiopathic cerebellar ataxia (CA) (with a prevalence of 2%-15%)[8], peripheral neuropathy (1.5%-8%), 
some forms of epilepsy, migraine, attention/memory impairment, Guillain-Barre-like syndrome, chorea, myelopathy, 
mononeuritis multiplex, etc., could be neurological manifestations of CD[9,10].

The other individuals do not have histological signs of small intestinal damage but serological markers (serum 
autoantibodies) consistent with gluten enteropathy, a scenario similar to dermatitis herpetiformis. Genetic susceptibility 
may be tested in challenging cases because human leucocyte antigen (HLA) DQ2 is prevalent in up to 90% of CD patients
[8].

IMMUNOLOGICAL AND AUTOIMMUNE MECHANISMS OF ATAXIA
The multisystem involvement in CD is probably due to the expression of transglutaminase (TG) isoforms, the main 
antigen for the disease, in many tissues and organs. The widespread localization of TG2 and TG3-6 includes skin, nervous 
system, pancreas, muscle, liver, joints, thyroid, etc., allowing for multiple damage in case of anti-TG production[11]. 
However, the pathogenesis of neurological involvement in gluten enteropathy is unclear and still discussed. Previous 
hypotheses focused on intestinal malabsorption and related vitamin deficiencies (i.e., folic acid, cyanocobalamin, vitamin 
E, thiamine, etc.).

Pathologic studies on the central nervous system (CNS) of patients with neurological CD, on the other hand, have 
recently revealed that immune-mediated processes can play a role by inducing neuronal damage and dysfunction[12]. In 
this vein, it has been revealed that circulating anti-neuronal antibodies (NA) of the IgG class target the central and enteric 
nervous systems (ENS) (CNS and ENS, respectively) in a considerable number of neurological CD patients[13].

https://www.wjgnet.com/2307-8960/full/v12/i12/2031.htm
https://dx.doi.org/10.12998/wjcc.v12.i12.2031
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An important aspect of the different causes of ataxia is the possibility of autoimmune-mediated damage of the 
cerebellum or its related structures by impaired cellular or cell-mediated immunity or humoral immunity with 
production of antibodies targeting the neuronal structures[14]. Autoimmune neuronal damage could occur in the setting 
of classical autoimmune diseases presenting with ataxia when the cerebellum is one of the multiple autoimmune targets, 
such as in multiple sclerosis (MS), Behçet syndrome, connective tissue disorders such as systemic lupus erythematosus, 
hypothyroidism, etc. The term immune-mediated CA (IMCA) is therefore used to describe primary or mainly pure CA 
when the cerebellum is the main autoimmune target. IMCA is divided into two main subtypes-triggered by another 
disease or condition (neoplasm, infection, gluten enteropathy) and not triggered by another disease or condition [anti-
glutamine acid decarboxylase (GAD) ataxia]. When immune-mediated mechanisms are highly suspected but no 
serological markers are found, the disease is described as primary autoimmune CA[14-16].

Possible pathophysiological autoimmune-mediated mechanisms related to neuronal damage include both cell- and 
humoral-driven processes. Mechanisms such as deficits in immune tolerance or molecular mimicry have been linked to 
dysfunction of T- and B-cells and subsequent autoantibody production, cell cytotoxicity, exacerbation of local neural 
inflammation and cell death[1].

Studies in MS have shown that cell cytotoxicity has been linked to infiltration of CNS with Th1/Th17, CD8+ cells and 
macrophages and dysfunction of regulatory T cells resulting in increased production and secretion of cytokines leading to 
demyelination and cell death[17]. Cell-mediated cytotoxicity has also been suggested in some types of IMCA due to the 
increased CD8+ cells in the cerebrospinal fluid (CSF) and macrophage infiltrates in the neuronal structures[18].

An essential aspect of the pathophysiology of IMCA is the autoimmune response triggered by the formation of 
autoantibodies. The latter could be due to exposure to environmental factors or diseases and are directed against self-
antigens, causing the formation of immune complexes, complement activation with subsequent cell migration, tissue 
damage and organ failure. Autoantibodies in IMCA have been described against nuclear, intracellular and extracellular 
antigens and have also been found in the CSF, suggesting an increased permeability and disruption of the blood-brain 
barrier[19].

Depending on the different subtypes of the IMCA, the neuropathological findings could include loss of Purkinje 
neurons with Bergmann gliosis, gliosis of the cerebellar granular neurons, inferior olivary nucleus neurons and deep 
cerebellar nuclei, variable inflammatory changes and perivascular lymphoid infiltrates[20].

Some of the neurological manifestations in gluten enteropathy and the connection between gut and brain are shown in 
Figure 1.

AUTOANTIBODIES IN GLUTEN ATAXIA AND OTHER CNS DISORDERS
Anti-gliadin antibodies
Hadjivassiliou et al[21] investigated the prevalence of gluten-related autoantibodies in a group of patients with gluten 
ataxia, hypothesizing that conditions related to gluten sensitivity and especially gluten enteropathy may explain a large 
number of patients with sporadic idiopathic and familial ataxia (including spinocerebellar ataxia, Friedrich's ataxia, 
sporadic olivopontocerebellar atrophy-a cerebellar variant of multiple system atrophy). The prevalence of anti-gliadin 
antibodies (AGA) varied between 12%-41% depending on the type of ataxia. Furthermore, gluten enteropathy was 
diagnosed in 24% of tested patients. The authors suggested that gluten ataxia could be the sole most common trigger for 
sporadic idiopathic ataxia[3,21].

Bushara[8] also reviewed the presence of AGA in patients with gluten ataxia and other neurological manifestations in 
CD patients. They gathered information on the prevalence of AGA varying from 1.9% to 16.7% depending on the ataxia 
type. In the case of ataxia of unknown cause, the prevalence of AGA could be up to 41% in different studies. However, 
the antibodies were significantly higher in people with ataxia than in the general population[8].

It is worth mentioning that AGA could present in up to 50% of patients with non-celiac gluten sensitivity. In line with 
this, some of the symptoms from the gluten enteropathy repertoire could also be attributed to neurological manifestations 
(i.e., brain fog, limb numbness, headache, depression). However, it is not known whether AGA or other celiac-related 
antibodies cause these symptoms[22,23].

Antibodies against tissue TG
Further investigations of the team were focused on the different isoforms of TG. The authors suggested that TG6 and anti-
TG6 antibodies may activate the immune system in patients with CD and neurological manifestations, such as idiopathic 
sporadic ataxia and peripheral neuropathy[24].

The authors reported that the prevalence of anti-TG6 antibodies was 32% in idiopathic sporadic ataxia, 73% in gluten 
ataxia, 32% in CD patients, and 5% in neurological controls, 4% in healthy controls. Interestingly, 42% of patients with 
gluten ataxia had enteropathy, and 51% of patients with ataxia had antibodies against TG6. Some patients were 
administered a gluten-free diet, and anti-TG6 antibodies were significantly lowered or undetectable after 1 year of 
treatment[24].

Still, whether the anti-NA to CNS/ENS may target or cross-react with TG6 or other isoforms is unclear[10]. Other 
investigators connected anti-TG antibodies to neurological and enteral damage, not just an epiphenomenon[12,25].

Sarrigiannis et al[26] hypothesized that brain hyperexcitability is a characteristic of patients with CD and neurological 
symptoms (i.e., cortical myoclonus, ataxia, and other dysfunctions). Furthermore, it was evidenced that these patients 
tend to develop refractory CD and are at risk of T cell lymphoma.
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Figure 1 Gut-brain interactions in health, pathophysiological mechanisms and clnical manifestations from nervous system related to 
gluten enteropathy. Parts of the figure were drawn by using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative 
Commons Attribution 3.0 Unported License.

Recently, Ferlazzo et al[27] published similar results on the significance of anti-TG6 antibodies in epilepsy, cerebral 
calcifications and gluten-related disorders. They confirmed that anti-TG6 antibodies are biomarkers for gluten-related 
ataxia and neuropathy but not epilepsy[27].

The prevalence of anti-TG6 antibodies was estimated as follows: 11% in patients with CD, posterior cerebral calcific-
ations and epilepsy; 22%-in patients with epilepsy and posterior cerebral calcifications but without CD; 0% in patients 
with focal epilepsy of unknown origin; 13.6%-in healthy subjects[27].

Stenberg et al[28] investigated celiac-related antibodies in children and adults with cerebral palsy, estimating a 
prevalence at about 36% for IgG AGA and 61% for IgA AGA, hypothesizing that poor growth in children with cerebral 
palsy could be associated with CD. About 7% were positive for anti-tTG2 IgA and 17.5%-for anti-deamidated gliadin 
peptides (DGP) antibodies[28,29].

When assessing the prevalence of anti-TG6 antibodies in patients with cerebral palsy, they found that 13% of patients 
with cerebral palsy and 6% of healthy controls were positive. Furthermore, the tetraplegic cerebral palsy subgroup had a 
significantly higher level (35%) than other groups. Additionally, the authors concluded that an early brain insult and 
inflammation could be prone to autoimmunity development, especially associated with anti-TG antibodies[30].

Stamnaes et al[31] speculate on the possible mechanisms of development and correlation between anti-TG6 antibodies 
and anti-TG2 IgA antibodies, which could explain the gluten enteropathy in patients with skin and CNS involvement.

We also know that TG6 expression is linked to neurogenesis in CNS in mice, with maturation and functional activity of 
the cerebellum and cerebral cortex[32].

It is now accepted that these antibodies are cross-reactive to different isoforms of TG, including TG2, TG3 and TG6. 
Furthermore, it was demonstrated that anti-TG antibodies from patients could induce ataxia-like defects in mice via 
intraventricular injection, revealing their pathogenetic potential[33]. The authors also reported the prevalence of anti-
neural IgA/IgG antibodies in CD patients without neurological manifestations at 75%.

Also, Wang et al[34] and Li et al[35] conducted genetic investigations identifying mutations in the TG gene associated 
with autosomal dominant spinocerebellar ataxia development, suggesting the broad role of TG6 in cerebellar functioning
[34,35].

However, the specificity of anti-TG6 IgA antibodies to gluten ataxia could be questioned since such antibodies were 
also found in patients with amyotrophic lateral sclerosis (15.3% vs 4.3% in healthy controls). Additionally, when tested for 
celiac-related HLA antigen alleles, 59.1% of seropositive patients were positive for celiac-related alleles. The authors 
concluded that amyotrophic lateral sclerosis could be associated with autoimmunity, gluten enteropathy, or sensitivity
[36].

The most recent paper on anti-TG6 antibodies as a biomarker for gluten ataxia is by Sato and Nanri[37] (2017). Their 
review followed the presence of anti-TG6 antibodies in sporadic ataxia and also shared an experience with patients with a 
profound sensory disturbance that contributes to ataxia in contrast to the usually reported mild sensory disturbances[37].

Anti-NA
Caio et al[10] investigated anti-NA in patients with CD based on the data for neurological manifestations at about 10% in 
these patients. They found anti-NA IgG to the CNS (at titer 1:50 to 1:400) in 21% of patients. Moreover, the prevalence of 
these antibodies was higher in patients with neurological dysfunction (49% vs 8%, P < 0.0001). Twenty-four percent of 
patients demonstrated ani-NA to the ENS, where 11/12 with antibody tire > 1:200 and severe constipation. Anti-NA to 
CNS and ENS were found in 7% and 5% of the healthy control group, respectively[10].
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The authors conclude that anti-NA in patients with CD could be used as a marker for neurological dysfunction. 
Besides, this study also provides supportive data on the immune-mediated pathogenesis of CNS and ENS impairment 
and gut dysfunction related to gluten enteropathy, thus recommending celiac-related antibodies screening for patients 
with gluten ataxia peripheral neuropathy drug-resistant epilepsy. Caio et al[10] also discussed the role of anti-NA in 
damaging the morpho-functional integrity of the ENS, causing bowel dysmotility and altering secretion, which is linked 
to constipation. Moreover, sera of patients with CD containing anti-NA caused apoptosis and neuronal loss in neuronal 
cultures[12].

Similar to these results are those of Volta et al[13], who demonstrated that anti-NA are in low titers in patients with 
non-neurological CD, strengthening the association between the presence of anti-NA to CNS and neurological invol-
vement in CD. Hadjivassiliou et al[6] also hypothesized possible mechanisms in the pathogenesis of neuronal damage in 
CD patients (i.e., humoral and cellular immune infiltrate in CNS, mainly cerebellum).

Antibodies against glycine receptor and GAD
Other antibodies related to neurological dysfunction in CD are those against glycine receptors. Kass-Iliyya et al[38] in 
their recent research (2021), discussed gluten enteropathy as a presentation of CNS hyperexcitability and cortical 
myoclonus, usually seen in refractory CD. This CNS hyperexcitability could be attributed to glycine receptor antibodies 
(GlyR-Abs) or, more frequently, GAD antibodies[38].

The authors previously documented a connection between gluten enteropathy and anti-GAD-associated ataxia, 
improved with a gluten-free diet. They were interspersed with finding a similar association with anti-GlyR-Abs. Usually, 
anti-GAD antibodies are associated with Stiff person syndrome, a rare autoimmune condition characterized by neuropsy-
chiatric symptoms and axial muscle stiffness and spasms[39-41].

Furthermore, a gluten-free diet can lower the levels of anti-GAD antibodies and clinical improvement. This raised the 
hypothesis that gluten sensitivity is broad spectrum of conditions where anti-GAD-related neurological manifestations 
could occur[26,42].

Kass-Iliyya et al[38] also confirms that in the case of gluten sensitivity without enteropathy but with neurological 
involvement, antibodies against gliadin and TG6 could be the only positive biomarkers. In line with this, Manto et al[42] 
demonstrated with in vivo studies that anti-GAD antibodies inhibit GABA release leading to CA. Besides, antibodies to 
glycine receptors alter glycinergic neurotransmission in vitro[43]. Furthermore, it was shown that anti-GlyR-Abs related 
to neurological disease are a spectrum[44], and approximately one-fourth of all patients with these antibodies have other 
autoimmune disorders[40]. However, whether the gluten-free diet would benefit these patients is still unknown. Other 
authors suggested that the presence of these antibodies is an epiphenomenon rather than a pathogenetic mechanism. The 
other option is these antibodies are pathogenic- and the trigger is gluten sensitivity. Ashizawa et and Xia[45] suggested 
that a gluten-free diet in patients with CD protects against developing other autoimmune diseases in adulthood.

THE ROLE OF RADIOLOGY AND IMAGING IN ATAXIA
Ataxia is a clinical sign, not a specific disease, with diverse etiologies. Usually, imaging has a role in identifying cerebellar 
damage. Finding the exact site of the changes aids diagnosis-unilateral damage causes ipsilateral symptoms, while diffuse 
damage results in symmetrical ataxia. Limb ataxia is caused by lesions in the cerebellar hemispheres and impaired gait 
results from damage to the middle part of the cerebellum[45].

Ataxia can be congenital or acquired. Congenital ataxia is characterized by a smooth, chronic progression, while 
acquired ataxia has a more acute manifestation. Acquired ataxia can be caused by various inflammatory diseases such as 
cerebellitis or cerebellar abscess. Other causes of ataxia are systemic inflammatory diseases, vascular diseases such as 
ischemic or hemorrhagic infarction, or intoxication. Ataxia can also be caused by vitamin deficiency, various endocrino-
logical diseases, paraneoplastic syndrome, neurodegenerative diseases and cerebellar tumors[45].

Diagnostic imaging plays a significant key role in the diagnosis of ataxia. Computed tomography (CT) and especially 
magnetic resonance imaging (MRI) are the methods of choice for detecting ischemic and hemorrhagic infarcts. The 
diffusion-weighted technique detects ischemic infarction up to 5 min after its onset, making the method indispensable in 
this regard. CT also immediately detects the hemorrhagic infarction. CT and MRI are the gold standard in diagnosing 
various cerebellar tumors and other tumors in the posterior cranial fossa with different origins[46].

In addition to acquired ataxia, imaging methods also play a role in diagnosing the congenital form of the disease[47]. 
The most common finding is atrophy of the cerebellum, which can be global or more pronounced in the vermis region. 
MRI, particularly T2 and fluid attenuated inversion recovery (FLAIR) sequences, is the preferred method for diagnosing 
cerebellar involvement. Characteristic findings are hyperintense lesions in the T2 sequence, most often in the deep 
cerebral white matter. Non-specific signs associated with ataxia are also the cortical atrophy of the cerebral hemispheres, 
expansion of the lateral ventricles, and the increased intensity of the frontal and parietal brain white matter. These 
changes are found in FLAIR sequences. Sometimes, atrophy of the cerebellum is combined with atrophy of the brainstem, 
with characteristic smoothing of the pons[47].

Spinocerebellar ataxia is a heterogeneous group of congenital ataxias, with over 28 subtypes described. A characteristic 
finding of this type of ataxia is the degeneration of the cerebellum and its tracts, as well as the brainstem, basal nuclei, 
cortex and peripheral nerves. Unfortunately, these findings are non-specific and do not always correspond to the severity 
of the disease. A modern diagnostic method is magnetic resonance morphography, which currently gives promising 
results[48,49].
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Diffusion tensor imaging is an important sequence in detecting ataxia. A reduction in fractional anisotropy is most 
commonly found in the corticospinal and the pontine tract. In some cases, an increased mean diffusivity is also detected
[50]. Magnetic resonance spectroscopy is another modern sequence used in ataxia. The most indicative markers are total 
N-acetyl aspartate (NAA), myoinositol (mI), glutamate/glutamine (Glx), and total creatine in the cerebellar hemispheres 
and NAA, mI and Glx in the pons. The most important change is the disturbance of the ratios between NAA and mI[51].

Gluten ataxia is relatively common in CD and can be found in patients without gastrointestinal symptoms. It occurs in 
both children and adults; the disease is characterized by a cerebellar type of ataxia and sometimes by a sensory type. In 
gluten ataxia, imaging methods (CT and MRI) reveal cerebellar atrophy, which occurs gradually but can sometimes occur 
suddenly. Differential diagnosis includes spinocerebellar ataxia and multisystem atrophy cerebellar type (MSA-C). In 
both diseases, atrophy is present, but typical for MSA-C is the disproportionate atrophy of the cerebellum and the 
brainstem, as well as the presence of T2 hyperintense lesions (typically in the pontocerebellar tracts, pons and the middle 
cerebellar peduncles)[52,53].

LIMITATIONS OF THE SEROLOGICAL TESTS FOR GLUTEN ENTEROPATHY
Nevertheless, we have to acknowledge the limitations of the serological tests and relying to them for making the 
diagnosis of gluten enteropathy, and gluten ataxia as well. Several studies confirmed that serologic tests, particularly the 
IgA EMA and the IgA tTGA, have become a relatively sensitive and specific way to initially detect CD. Many studies 
demonstrate a specificity of IgA tTGA greater than 95% and a sensitivity in the range of 90% to 96% and EMA has a 
slightly lower and variable sensitivity but an excellent specificity (99.6%). However, many individuals without CD may 
express AGA IgG antibody (sensitivity of AGA IgA among adults ranges between 0.65 and 1.0 and the specificity 
between 0.71 and 0.97). In line with this, AGA IgG is similar in sensitivity to the AGA IgA, but the specificity is much 
lower, approximately 0.5. Because of the variable and generally inferior accuracy of the AGA, the use of AGA IgA and 
AGA IgG tests is no longer recommended for identifying individuals with CD[54-57]. Nevertheless, false positive 
antigliadin antibody tests have been recorded in individuals with a variety of other gastrointestinal disorders, including 
esophagitis, gastritis, gastroenteritis, inflammatory bowel disease, cystic fibrosis and cow's milk protein intolerance. 
Moreover, we have also bear in mind that serologic tests may have false positive results (usually low antibody titers) in 
patients with other immune or inflammatory conditions such as many neurological disorders. For this reason and others, 
AGA Institute recommended testing for CD in persons with peripheral neuropathy, CA, and recurrent migraine, but 
confirmation of the diagnosis of CD requires an intestinal biopsy in all cases[56].

CONCLUSION
Based on the data accumulated so far, we can conclude that many autoantibodies related to gluten enteropathy and other 
conditions could be assessed in patients with ataxia or other undiagnosed neurological disorders, revealing the 
involvement of immunological mechanisms associated with CD. Some of these antibodies are AGA, antibodies to 
different isoforms of tissue TG (anti-TG2, 3, and especially anti-TG6 antibodies), anti-GlyR-Abs, anti-GAD antibodies, and 
anti-DGP antibodies. Some of these autoantibodies are pathogenic, others-epiphenomena, and for others-there is not 
enough data to conclude. The opposite is also valid-it is recommended to manage strictly and follow-up patients with CD 
for the development of neurological dysfunction and other extraintestinal complications.
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Abstract
BACKGROUND 
This study was designed to investigate the clinical outcomes of enhanced recovery 
after surgery (ERAS) in the perioperative period in elderly patients with non-
small cell lung cancer (NSCLC).

AIM 
To investigate the potential enhancement of video-assisted thoracic surgery 
(VATS) in postoperative recovery in elderly patients with NSCLC.

METHODS 
We retrospectively analysed the clinical data of 85 elderly NSCLC patients who 
underwent ERAS (the ERAS group) and 327 elderly NSCLC patients who re-
ceived routine care (the control group) after VATS at the Department of Thoracic 
Surgery of Peking University Shenzhen Hospital between May 2015 and April 
2017. After propensity score matching of baseline data, we analysed the postope-
rative stay, total hospital expenses, postoperative 48-h pain score, and postope-
rative complication rate for the 2 groups of patients who underwent lobectomy or 
sublobar resection.

RESULTS 
After propensity score matching, ERAS significantly reduced the postoperative 
hospital stay (6.96 ± 4.16 vs 8.48 ± 4.18 d, P = 0.001) and total hospital expenses 
(48875.27 ± 18437.5 vs 55497.64 ± 21168.63 CNY, P = 0.014) and improved the sa-
tisfaction score (79.8 ± 7.55 vs 77.35 ± 7.72, P = 0.029) relative to those for routine 
care. No significant between-group difference was observed in postoperative 48-h 
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pain score (4.68 ± 1.69 vs 5.28 ± 2.1, P = 0.090) or postoperative complication rate (21.2% vs 27.1%, P = 0.371). 
Subgroup analysis showed that ERAS significantly reduced the postoperative hospital stay and total hospital ex-
penses and increased the satisfaction score of patients who underwent lobectomy but not of patients who un-
derwent sublobar resection.

CONCLUSION 
ERAS effectively reduced the postoperative hospital stay and total hospital expenses and improved the satisfaction 
score in the perioperative period for elderly NSCLC patients who underwent lobectomy but not for patients who 
underwent sublobar resection.

Key Words: Enhanced recovery after surgery; Non-small cell lung cancer; Perioperative care; Propensity score; Video-assisted 
thoracic surgery

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

Core Tip: This study was designed to investigate the clinical outcomes of enhanced recovery after surgery (ERAS) in the 
perioperative period in elderly patients with non-small cell lung cancer (NSCLC). ERAS significantly reduced the 
postoperative hospital stay (6.96 ± 4.16 vs 8.48 ± 4.18 d, P = 0.001) and total hospital expenses (48875.27 ± 18437.5 vs 
55497.64 ± 21168.63 CNY, P = 0.014) and improved the satisfaction score (79.8 ± 7.55 vs 77.35 ± 7.72, P = 0.029) relative 
to those for routine care. ERAS effectively reduced the postoperative hospital stay and total hospital expenses and improved 
the satisfaction score in the perioperative period for elderly NSCLC patients who underwent lobectomy but not for patients 
who underwent sublobar resection.
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INTRODUCTION
Lung cancer ranks first in all malignant tumours with respect to morbidity and mortality[1]. Surgery is the main treat-
ment for early lung cancer[2], but the complication rate is approximately 30%-50%, resulting in delayed recovery, poor 
long-term outcomes, and high medical costs[3-5]. Elderly patients with lung cancer often experience a slow recovery and 
high complication rates after thoracic surgery and thus are a high-risk group for surgical treatment[6-8]. To reduce the 
postoperative complication rate and accelerate postoperative recovery, many treatment strategies and perioperative ma-
nagement approaches have been incorporated into the surgical field, including infection control, nutritional support, 
improved fluid management, and comprehensive preoperative assessment. In 2001, Henrik Kehlet, a Danish gastro-
intestinal surgeon, first proposed the concept of enhanced recovery after surgery (ERAS)[9]. Empirical evidence has 
demonstrated that effective perioperative management that incorporates ERAS reduces the stress response to surgical 
trauma and complications and improves surgical safety and patient satisfaction. ERAS has been proven to effectively 
reduce common complications and general pain in patients. In recent years, the application of ERAS after thoracic 
surgery has reduced the perioperative complication rate, length of hospital stay, and hospital expenses[10]. However, 
evidence of the effectiveness of ERAS following video-assisted thoracic surgery (VATS) is still remains uncertain. In 
particular, no clinical studies have been conducted to investigate ERAS in elderly patients with lung cancer who 
underwent VATS.

This study was designed to retrospectively analyse the clinical outcomes of ERAS in elderly patients with lung cancer 
who underwent VATS at Peking University Shenzhen Hospital over a 5-year period and to investigate the role of ERAS 
(after propensity score matching) in improving postoperative recovery.

MATERIALS AND METHODS
Clinical data
We retrospectively analysed the clinical data of 412 elderly patients with lung cancer who underwent VATS at the De-
partment of Thoracic Surgery of Peking University Shenzhen Hospital between May 2015 and April 2017. Of these 
patients, 271 were men, and 141 were women; their mean age was 72.41 ± 4.7 years; and 85 patients underwent ERAS (the 
ERAS group), and 327 patients received routine care (the control group). Moreover, 187 patients underwent sublobar 
resection, and 225 patients underwent lobectomy; 330 patients were diagnosed with adenocarcinoma, and 82 patients 
were diagnosed with squamous cell carcinoma; and 235 patients were in tumor-node-metastasis (TNM) stage I, and 92 

https://www.wjgnet.com/2307-8960/full/v12/i12/2040.htm
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patients were in TNM stage II.
The inclusion criteria were as follows: (1) Patients who underwent VATS and were pathologically confirmed to have 

non-small cell lung cancer (NSCLC) after surgery; (2) patients aged 65-80 years old; (3) patients with NSCLC in TNM 
stage I to II confirmed by postoperative pathology; and (4) patients with complete clinical data. The exclusion criteria 
were as follows: (1) Patients with pneumonectomy; or (2) patients with pathologically confirmed small cell lung cancer.

Methods
Perioperative management: The patients were divided into the control group and the ERAS group. The control group 
received routine care, and the ERAS group underwent ERAS (Table 1).

Preoperative management: All patients underwent a one-stop preoperative assessment by surgeons, anaesthesiologists, 
and nurses to facilitate optimal preoperative preparation and were closely monitored during and after the operation for 
any complications. The ERAS group was given a copy of an ERAS education brochure with detailed descriptions about 
daily goals and was asked to complete a diary. Intraoperative management: All patients were given prophylactic anti-
biotics during the induction period. General anaesthesia was administered with double-lumen tracheal intubation and 
single-lung breathing. Intraoperative rehydration was achieved with intravenous infusion of balanced fluid, and hyper-
tensive or antihypertensive drugs were given based on blood pressure monitoring during the operation. The indications 
and the feasibility for surgery were determined in accordance with the China Guidelines for the Diagnosis and Treatment 
of Primary Lung Cancer (2015). The scope of surgical resection was determined by the treating physician based on patient 
conditions. Effort was taken to make a small incision, and absorbable sutures were used to close the incision. At the end 
of surgery, a closed thoracic drainage tube was placed according to routine procedures. Postoperative management: 
Intravenous infusion was minimized, with adequate analgesia. Non-steroidal anti-inflammatory drugs and acetami-
nophen were used for pain management. Opioids were avoided whenever possible to prevent postoperative nausea and 
vomiting and other opioid-related adverse reactions. Patients were encouraged to get out of bed as soon as possible. The 
catheter was removed at 12 h after operation (Table 2).

Criteria for discharge and follow-up: Discharge criteria were as follows: (1) Removal of the closed thoracic drainage 
tube; physical mobility; (2) no difficulty breathing (no shortness of breath, wheezing or stridor; oxygen saturation > 94%); 
and (3) no serious complications; complications (if any) were under control.

Calculation of medical expenses: The hospital medical records were used to record and calculate the total medical ex-
penses, including laboratory tests, physical examinations, medications, nursing, surgery, supplies, and postoperative 
rehabilitation.

Satisfaction: A homemade satisfaction questionnaire was used during the week after discharge to evaluate patient 
satisfaction. The contents included staff attitude, operating techniques, timeliness of nursing, overall hospital experience, 
and pain score. Quality of life was analysed, including physical performance, physical pain, mental state, and general 
health.

Statistical analysis: R language 3.5.3 was used for propensity score matching of pathological classification, TNM stage, 
and surgical approach at 1:1 between the ERAS group and the control group.

SPSS v25.0 was used for statistical analysis. Measurement data are expressed as the mean value ± SD and analysed 
with the independent sample t-test or Mann-Whitney U test; count data are expressed as the frequency and were ana-
lysed with the chi-square test or Fisher’s exact test. All tests were two-sided, and P < 0.05 was considered statistically 
significant.

RESULTS
Baseline data
Among the 412 elderly patients with lung cancer who underwent VATS, 327 patients were in the control group and 85 
patients were in the ERAS group. No significant between-group differences were observed regarding age (P = 0.220), sex (
P = 0.982), body mass index (P = 0.540), or forced expiratory volume in the first second (P = 0.615) (Figure 1). Moreover, 
330 patients had adenocarcinoma, and 82 patients had squamous cell carcinoma; 290 patients were in TNM stage I, and 
122 patients were in stage II; 187 patients underwent sublobar resection, and 225 patients underwent lobectomy (Table 3). 
After matching, the control group and the ERAS group each included 85 patients.

No patient died during the perioperative period or required blood transfusion. At the end of surgery, the tracheal 
intubation was removed in the operating room, and the patients were able to breathe spontaneously with normal blood 
gas analysis results. All patients were sent back to the general ward, and no patient required mechanical ventilation in the 
intensive care unit. Before discharge, any postoperative complications were alleviated and resolved with treatment.

Clinical outcome measures
ERAS significantly improved postoperative hospital stay (6.98 ± 4.3 vs 8.92 ± 4.42 d, P = 0.002), total hospital expenses 
(52041.86 ± 19062.33 vs 60760.79 ± 20511.58, P = 0.016), and overall satisfaction (79.66 ± 7.5 vs 76.26 ± 7.42, P = 0.013) in the 
lobectomy subgroup (Table 4). Postoperative hospital stay also improved in the sublobar resection subgroup (6.94 ± 4.03 
vs 7.86 ± 3.78 d, P = 0.09), but the differences of total hospital expenses (P = 0.247) and overall satisfaction (P = 0.621) did 
not reach statistical significance. In the ERAS group (n = 85), 3 patients had atelectasis, 9 had pulmonary infection, 4 had 
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Table 1 Perioperative management

Measures Routine care ERAS

Education Routine preoperative education ERAS education

Diet Fasting for 6 h Drink 1000 mL of 10% glucose the night 
before surgery; drink 200 mL of 10% glucose 
2 h before surgery

Preoperative

Sedatives (to improve 
sleep)

Yes Yes

Indwelling catheter 
after anaesthesia

Yes YesIntraoperative

Temperature 
maintenance

No Yes

Analgesia Patient-controlled epidural analgesia Use of NSAIDs for 48 h

Infusion volume Total intravenous infusion during the first 24 h after the operation 
< 1500 mL, infusion rate 20-30 mL/min; vasoconstrictors may be 
used in the case of hypotension or urine output < 20 mL/h

Rapid intravenous drip of 250 mL of saline 
within 1 h; the remaining parameters were 
the same as those in the routine care group

Diet during the first 6 
hours after the 
operation

A small amount of water 400 mL of liquid food

Promote bowel 
movements

No Chewing gum

Catheter removal 24 h after the operation 12 h after the operation

Postoperative

Early exercise Patient choice Lower limb movements

NSAIDs: Non-steroidal anti-inflammatory drugs.

Table 2 Patient education

Patient preoperative education

Pre-operative Be familiar with the environment and hospitalization process

Preoperative nutritional risk screening

Eat a healthy diet & stay active (1-2 wk before surgery)

Normal diet the day before surgery

Drink moderate glucose 2 h before surgery

Preventive use of antibiotics

Postoperative Eating liquid food moderately within six hours after surgery & infusion

Receive any necessary medications

Removed catheter at 12 h after operation

Day after surgery Normal diet

Use mixture of non-narcotic pain medication to keep comfortable

Get out of bed as soon as possible

Try to cough and expectorate

atrial fibrillation, and 2 had arrhythmia; the postoperative complication rate was 21.2%. In the control group (n = 85), 4 
patients had atelectasis, 12 had pulmonary infection, 4 had atrial fibrillation, and 3 had arrhythmia; the postoperative 
complication rate was 27.1%. The difference did not reach statistical significance (Table 5).

DISCUSSION
ERAS is a multimodal perioperative protocol based on best medical evidence. In the 1990s, Kehlet et al[11] first used it for 
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Table 3 Baseline data

Before the match (n = 412) After match (n = 170)
Baseline data Routine care (n = 

327)
ERAS (n = 
85) P value Routine care (n = 

85)
ERAS (n = 
85) P value

Age 72.18 ± 4.53 72.91 ± 4.94 0.22 72.55 ± 5 72.91 ± 4.94 0.643

Male 215 56 0.982 59 56 0.624Sex

Female 112 29 26 29

BMI (kg/m2) 22.54 ± 2.69 22.73 ± 2.62 0.54 22.51 ± 2.4 22.73 ± 2.62 0.565

FEV1 (L) 3.21 ± 0.45 3.24 ± 0.41 0.615 3.24 ± 0.41 3.24 ± 0.41 0.983

Adenocarcinoma 261 69 0.78 69 69 1Pathological classi-
fication

Squamous cell 
carcinoma

66 16 16 16

I 235 55 0.198 55 55 1TNM stage

II 92 30 30 30

Uniportal VATS 282 69 0.242 75 69 0.201Surgical approach

Three ports VATS 45 16 10 16

Pulmonary wedge 66 14 0.64 14 14 1

Lung segment 86 21 21 21

Scope of resection

Lobectomy 175 50 50 50

ERAS: Enhanced recovery after surgery; BMI: Body mass index; FEV1: Forced expiratory volume in the first second; TNM: Tumor-node-metastasis; VATS: 
Video-assisted thoracic surgery.

patients undergoing colectomy to enhance postoperative recovery[11]. It includes preoperative optimization, intraop-
erative stress management, and enhanced postoperative recovery, with the goal of accelerating the recovery and re-
sumption of normal activities. It reduces the length of the hospital stay and hospital expenses without increasing the 
readmission rate. With the gratifying results and low surgical wound, VATS approach is recommended as the standard 
scheme by several international academic organizations, including the European Society of Thoracic Surgeon, the 
American College of Chest Physicians and Minimally Invasive Cardiothoracic Surgery[12]. In thoracic surgeries, VATS is 
a main part of ERAS protocols in the relevant guidelines[13]. At present, class I evidence of the effectiveness of ERAS 
after thoracic surgery is scarce, especially in elderly patients with lung cancer. This study showed that ERAS improved 
the clinical efficacy of VATS in elderly patients with lung cancer. At present, data on ERAS in patients undergoing tho-
racic surgery are limited. Cerfolio et al[14] applied ERAS in patients undergoing open pneumonectomy, with a special 
focus on preoperative patient education, the use of epidural anaesthesia, active standardized removal of the catheter and 
drainage tube after surgery, early physical movement, and a daily plan for discharge within 4 days after surgery[14]. The 
intervention accelerated recovery without increasing the complication or mortality rate. A small randomized controlled 
study also showed that preoperative food intake (no fasting), conduction anaesthesia, early postoperative food intake, 
and early physical movement significantly reduced the incidence of postoperative pulmonary complications[15]. Salati et 
al[16] performed propensity score matching and demonstrated that ERAS effectively reduced the length of the hospital 
stay. The study focused on preoperative patient education, standardized postoperative care, and active drainage tube 
management[16]. In recent years, thoracic surgery-specific ERAS has gradually improved. Madani et al[17] described their 
ERAS procedures for open lobectomy, including standardized care, as well as preoperative, intraoperative, and post-
operative management. The study showed that ERAS significantly reduced the length of the hospital stay and compli-
cations without increasing the readmission rate. However, their procedures were relatively conservative. Recent studies 
have shown that paraspinal block (instead of epidural analgesia) and a more aggressive closed thoracic drainage regimen 
may provide greater benefits to patients[18-20]. This study showed that ERAS significantly reduced postoperative hos-
pital stay, total hospital expenses, and postoperative complications and improved satisfaction. Subgroup analysis per 
surgical approach (lobectomy vs sublobar resection) showed that ERAS did not significantly reduce postoperative 
hospital stay, total hospital expenses, and postoperative complications nor significantly improve satisfaction in the 
sublobar resection subgroup. The scope of sublobar resection was relatively small, with less impact on postoperative 
recovery, which may explain the lack of a significant difference between patients with sublobar resection in the ERAS 
group and the control group. On the other hand, lobectomy involves a greater scope of resection and surgical trauma, and 
thus, ERAS was superior to routine care in postoperative recovery. These data provide a reference for the selection of an 
appropriate rehabilitation regime. For ERAS, clinicians must pay attention to the readmission rate. Some studies have 
shown that for patients with lung cancer, readmission is related to shorter survival19. However, it is not clear whether 
ERAS will increase the readmission rate of lung cancer patients[17]. In this study, the 30-d readmission rate was 1.2% 
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Table 4 Clinical outcome measures (scope of resection subgroup analysis)

Total (n = 170) Pulmonary wedge (n = 28) Segmentectomy (n = 42) Pulmonary lobe (n = 100)
Outcome Measures

ERAS (n = 85) Routine care (n = 
85)

P 
value ERAS (n = 14) Routine care (n = 

14)
P 
value ERAS (n = 21) Routine care (n = 

21)
P 
value ERAS (n = 50) Routine care (n = 

50)
P 
value

Postoperative hospital stay 
(d)

6.06 ± 2.07 6.61 ± 1.68 0.024 5.43 ± 1.91 6.14 ± 1.99 0.352 5.9 ± 2.51 6.29 ± 1.65 0.325 6.3 ± 1.91 6.88 ± 1.59 0.040

Total hospital expenses 
(CNY)

42757.63 ± 
14963.16

53748.72 ± 18356.11 0.000 37812.08 ± 
13327.54

41836.7 ± 13282.69 0.454 39187.44 ± 
18933.83

51245.25 ± 16865.5 0.007 45641.86 ± 
13016.75

58135.55 ± 18757.68 0.001

Postoperative 48-h pain 
score

2.38 ± 0.91 2.59 ± 0.88 0.109 2.29 ± 0.83 2.43 ± 0.76 0.667 2.33 ± 1.11 2.48 ± 0.87 0.560 2.42 ± 0.86 2.68 ± 0.91 0.135

Satisfaction score 80.65 ± 7.74 76.67 ± 7.1 0.001 80 ± 7.99 77 ± 6.86 0.427 80.29 ± 7.12 76.9 ± 5.66 0.130 80.98 ± 8.04 76.48 ± 7.79 0.003

Readmission within 30 d 0 1 1.000 0 0 0 0 0 1 1.000

Complications (n) 14 26 0.030 2 2 1.000 5 12 0.028 7 12 0.065

Air leakage 7 13 0.153 1 1 1.000 3 7 0.277 3 5 0.712

Atelectasis 2 4 0.678 0 0 1 2 1.000 1 2 1.000

Pulmonary infection 3 6 0.493 1 1 1.000 1 1 1.000 1 4 0.359

Atrial fibrillation 1 2 1.000 0 0 0 1 1.000 1 1 1.000

Arrhythmia 1 1 1.000 0 0 0 1 1.000 1 0 1.000

ERAS: Enhanced recovery after surgery.

(only 1 patient in the ERAS group; P > 0.05), which was lower than those reported by other studies.
In recent years, a large body of evidence has demonstrated that VATS reduces complications and improves the 

prognosis of patients with lung cancer[5,21]. At present, however, evidence of the effectiveness of ERAS following VATS 
is inadequate, especially evidence on the role of ERAS following VATS in elderly patients with lung cancer. This was the 
first study to investigate the role of ERAS in the perioperative period in elderly patients with lung cancer. We performed 
propensity score matching to optimize the control group and comprehensively analysed perioperative outcome mea-
sures, including postoperative hospital stay, total hospital expenses, postoperative 48-hour pain score, and satisfaction 
score. This study showed that for elderly patients with lung cancer, ERAS effectively improved postoperative recovery 
(including hospital stay and hospital expenses) and patient satisfaction and reduced the postoperative complication rates.

CONCLUSION
This is the first study to perform propensity score matching to demonstrate the effectiveness of ERAS for elderly patients 
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Table 5 Clinical outcome measures (age subgroup analysis)

Total (n = 170) Age 60-73 (n = 28) Age 74-80 (n = 42)

Outcome measures ERAS (n = 
85)

Routine (n = 
85)

P 
value

ERAS (n = 
14)

Routine 
care  
(n = 14)

P 
value

ERAS (n = 
21)

Routine  
care  
(n = 21)

P 
value

Postoperative hospital 
stay (d)

6.06 ± 2.07 6.61 ± 1.68 0.024 5.96 ± 2 6.57 ± 1.7 0.057 6.18 ± 2.17 6.67 ± 1.69 0.188

Total hospital expenses 
(CNY)

42757.63 ± 
14963.16

53748.72 ± 
18356.11

0.000 42122.76 ± 
13923.83

52334 ± 
18206.28

0.008 43471.85 ± 
16202.51

55417.37 ± 
18628.5

0.001

Postoperative 48-h pain 
score

2.38 ± 0.91 2.59 ± 0.88 0.109 2.33 ± 0.83 2.8 ± 0.83 0.006 2.43 ± 1.01 2.33 ± 0.87 0.687

Satisfaction score 80.65 ± 7.74 76.67 ± 7.1 0.001 81.16 ± 7.52 76.78 ± 6.31 0.004 80.08 ± 8.04 76.54 ± 8.01 0.055

Readmission within 30 
d

0 1 1.000 0 0 0 1 1.000

Complications (n) 14 26 0.030 5 11 0.109 8 15 0.071

Air leakage 7 13 0.153 4 5 1.000 3 8 0.179

Atelectasis 2 4 0.678 1 2 1.000 1 2 0.982

Pulmonary infection 3 6 0.493 1 3 0.625 2 3 0.977

Atrial fibrillation 1 2 1.000 0 1 1.000 1 1 1.000

Arrhythmia 1 1 1.000 0 0 1 1 1.000

ERAS: Enhanced recovery after surgery.

Figure 1 Include standard flow chart. ERAS: Enhanced recovery after surgery.

with lung cancer. Further subgroup analysis showed that ERAS had significant effects in the lobectomy subgroup. In 
summary, ERAS may be used as an effective treatment for elderly patients with lung cancer, especially patients under-
going lobectomy.
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ARTICLE HIGHLIGHTS
Research background
Lung cancer is the leading cause of death worldwide, and non-small cell lung cancer (NSCLC) in the elderly accounts for 
a significant proportion. With the significant growth of the aging population, the need for surgical treatment of elderly 
patients has gradually become more prominent. Video-assisted thoracic surgery (VATS) has become an important choice 
for the treatment of senile NSCLC due to its characteristics of less trauma and rapid recovery. However, current sys-
tematic studies on VATS in postoperative recovery in elderly patients are relatively limited. Therefore, an in-depth un-
derstanding of the influence of VATS on elderly patients and revealing its potential role in postoperative rehabilitation 
are of great significance for guiding the individualized treatment of elderly patients with NSCLC and improving surgical 
results.

Research motivation
The aim of this study was to investigate the potential enhancement of VATS in postoperative recovery in elderly patients 
with NSCLC.

Research objectives
This study was designed to investigate the clinical outcomes of enhanced recovery after surgery (ERAS) in the periop-
erative period in elderly patients with NSCLC.

Research methods
We retrospectively analysed the clinical data of 85 elderly NSCLC patients who underwent ERAS (the ERAS group) and 
327 elderly NSCLC patients who received routine care (the control group) after VATS at the Department of Thoracic 
Surgery of Peking University Shenzhen Hospital between May 2015 and April 2017. After propensity score matching of 
baseline data, we analysed the postoperative stay, total hospital expenses, postoperative 48-hour pain score, and post-
operative complication rate for the 2 groups of patients who underwent lobectomy or sublobar resection.

Research results
After propensity score matching, ERAS significantly reduced the postoperative hospital stay (6.96 ± 4.16 vs 8.48 ± 4.18 d, P 
= 0.001) and total hospital expenses (48875.27 ± 18437.5 vs 55497.64 ± 21168.63 CNY, P = 0.014) and improved the 
satisfaction score (79.8 ± 7.55 vs 77.35 ± 7.72, P = 0.029) relative to those for routine care. No significant between-group 
difference was observed in postoperative 48-h pain score (4.68 ± 1.69 vs 5.28 ± 2.1, P = 0.090) or postoperative compli-
cation rate (21.2% vs 27.1%, P = 0.371). Subgroup analysis showed that ERAS significantly reduced the postoperative 
hospital stay and total hospital expenses and increased the satisfaction score of patients who underwent lobectomy but 
not of patients who underwent sublobar resection.

Research conclusions
ERAS effectively reduced the postoperative hospital stay and total hospital expenses and improved the satisfaction score 
in the perioperative period for elderly NSCLC patients who underwent lobectomy but not for patients who underwent 
sublobar resection.

Research perspectives
We look forward to more large-sample, multicenter studies to validate the recovery benefits of VATS in elderly patients 
with NSCLC and to further clarify the safety and effectiveness of the surgical technique. At the same time, combined with 
biological markers and imaging techniques, the specific mechanism of VATS on postoperative inflammatory response, 
immune function, and quality of life in elderly patients was further studied. With the help of advanced technical means, 
the individual differences of elderly patients were finely delineated to provide a more accurate basis for personalized 
surgical treatment. In addition, the long-term efficacy and survival rate of VATS in elderly patients were evaluated 
through long-term follow-up to comprehensively understand the long-term impact of surgery. These future research 
directions will provide an in-depth and comprehensive understanding for further promoting the development of surgical 
treatment for elderly NSCLC.
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Abstract
BACKGROUND 
The severity of nonalcoholic fatty liver disease (NAFLD) and lipid metabolism are 
related to the occurrence of colorectal polyps. Liver-controlled attenuation 
parameters (liver-CAPs) have been established to predict the prognosis of hepatic 
steatosis patients.

AIM 
To explore the risk factors associated with colorectal polyps in patients with 
NAFLD by analyzing liver-CAPs and establishing a diagnostic model.

METHODS 
Patients who were diagnosed with colorectal polyps in the Department of 
Gastroenterology of our hospital between June 2021 and April 2022 composed the 
case group, and those with no important abnormalities composed the control 
group. The area under the receiver operating characteristic curve was used to 
predict the diagnostic efficiency. Differences were considered statistically signi-
ficant when P < 0.05.

RESULTS 
The median triglyceride (TG) and liver-CAP in the case group were significantly 
greater than those in the control group (mmol/L, 1.74 vs 1.05; dB/m, 282 vs 254, P 
< 0.05). TG and liver-CAP were found to be independent risk factors for colorectal 
polyps, with ORs of 2.338 (95%CI: 1.154–4.733) and 1.019 (95%CI: 1.006–1.033), 
respectively (P < 0.05). And there was no difference in the diagnostic efficacy 
between liver-CAP and TG combined with liver-CAP (TG+CAP) (P > 0.05). When 
the liver-CAP was greater than 291 dB/m, colorectal polyps were more likely to 
occur.
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CONCLUSION 
The levels of TG and liver-CAP in patients with colorectal polyps are significantly greater than those patients 
without polyps. Liver-CAP alone can be used to diagnose NAFLD with colorectal polyps.

Key Words: Colorectal polyps; Nonalcoholic fatty liver disease; Liver-controlled attenuation parameter; Liver fibroscan; 
Diagnostic model

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

Core Tip: This study was designed to explore the risk factors associated with colorectal polyps in patients with nonalcoholic 
fatty liver disease (NAFLD) by analyzing liver-controlled attenuation parameters (liver-CAPs) and establishing a diagnostic 
model. We found that the triglyceride (TG) and liver-CAPs in patients with colorectal polyps were significantly greater than 
those in patients without colorectal polyps. When the liver-CAP was greater than 291 dB/m, colorectal polyps were more 
likely to occur. Additionally, no difference was observed in the diagnostic efficacy or specificity between liver-CAP and 
TG+CAP. Liver-CAP alone can also be used to diagnose NAFLD patients with colorectal polyps.

Citation: Wang L, Li YF, Dong LF. Transient elastography with controlled attenuation parameter for the diagnosis of colorectal polyps 
in patients with nonalcoholic fatty liver disease. World J Clin Cases 2024; 12(12): 2050-2055
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2050.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2050

INTRODUCTION
The global incidence of colorectal cancer, a malignant tumor, has significantly increased in recent years[1-3]. Colorectal 
polyps are precursors of malignant colorectal tumors whose pathogenesis involves multiple factors[1,4-7], including 
abnormal lipid metabolism and fatty liver[4-16]. Nonalcoholic fatty liver disease (NAFLD) is considered the main cause 
of chronic liver disease in most patients[17], and liver-controlled attenuation parameters (liver-CAPs) have been 
established to predict the prognosis of hepatic steatosis patients[13,17]. This study retrospectively analyzed liver-CAPs, 
lipid metabolism, and other indicators in NAFLD patients with colorectal polyps to investigate the correlation between 
liver-CAP, lipid metabolism, and colorectal polyps in NAFLD patients and to establish a diagnostic model.

MATERIALS AND METHODS
Patients
Patients who were diagnosed with colorectal polyps and who underwent electronic colonoscopy at the Department of 
Gastroenterology of our hospital between June 2021 and April 2022 were selected as the case group. Patients without 
important abnormalities during the same period were selected as the control group.

Inclusion criteria
The inclusion criteria for the patients were as follows: (1) Over 18 years old; (2) had undergone electronic enteroscopy 
during hospitalization; and (3) had NAFLD based on a liver elasticity test.

Exclusion criteria
The exclusion criteria for the patients included the following: (1) Incomplete bowel preparation or colon examination for 
various reasons; (2) history of inflammatory bowel disease, intestinal tuberculosis, familial adenomatous polyposis, 
melanosis of the colon, colorectal cancer, intestinal lymphoma, or other intestinal diseases; (3) prior liver diseases other 
than alcoholic fatty liver diseases, such as viral liver disease, autoimmune liver disease, genetic metabolic liver disease, or 
cirrhosis; (4) history of malignant tumor, metabolic syndrome, chronic kidney disease, severe infection, or other systemic 
diseases; and (5) use of drugs such as lipid-regulating drugs, hormones, or immunosuppressants.

Clinical parameters
After admission, general data, medical history, liver-CAP, TG, total cholesterol (TC), low-density lipoprotein (LDL), and 
other indicators were collected. Colonoscopies were performed by qualified senior physicians. All participants were 
tested for liver-CAP using FibroScan 502 Touch (Echosens). The cutoff values for the degree of lipidosis diagnosed with 
hepatic CAP ≥ 11%, ≥ 34%, and ≥ 67% were 238, 259, and 292 dB/m, respectively.

https://www.wjgnet.com/2307-8960/full/v12/i12/2050.htm
https://dx.doi.org/10.12998/wjcc.v12.i12.2050
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Statistical analysis
SPSS (version 26.0) and GraphPad (version 8.0.1.244) were used for the statistical analysis of all the data. The median 
values and both the 25th and 75th percentiles were associated with continuous variables. Frequencies and percentiles were 
associated with categorical variables. Continuous variables were compared between groups using the independent t test 
or Mann-Whitney U test. Multivariate analysis was performed by logistic regression, and the area under the receiver 
operating characteristic curve (AUROC) was used to evaluate the diagnostic efficacy. The Jorden index was calculated to 
obtain the cutoff value. The DeLong method was used to compare the diagnostic efficiency among the models. 
Differences were considered statistically significant when P < 0.05. The statistical review of the study was performed by 
Li-Feng Dong from Beijing ChuiYangLiu Hospital.

The study was approved by the Human Ethics Committee of Beijing ChuiYangLiu Hospital. The requirement for 
informed consent from patients was waived (No. 2024-002KY).

RESULTS
Comparison of general indexes between the case group and control group
Based on the inclusion criteria, 120 patients (76 males, accounting for 63%) were included in the case group, and 52 
patients (26 males, accounting for 50%) were included in the control group. There were no statistically significant 
differences in terms of sex ratio, age, body mass index, TC, or LDL between the two groups. The median TG concen-
tration in the case group was significantly greater than that in the control group (mmol/L, 1.74 vs 1.05, P < 0.05). The level 
of liver-CAP in the case group was significantly greater than that in the control group (dB/m, 282 vs 254, P < 0.05) 
(Table 1).

Logistic multivariate analysis of colorectal polyps
Logistic multivariate analysis and forest map description were used to analyze TG and liver-CAP levels (Figure 1). TG 
and liver-CAP were identified as independent risk factors for colorectal polyps, with ORs of 2.338 (95%CI: 1.154–4.733) 
and 1.019 (95%CI: 1.006–1.033), respectively (P < 0.05).

Comparison of receiver operating characteristic curves and DeLong tests between liver-CAP and TG+CAP for the 
diagnosis of colorectal polyps
Receiver operating characteristic (ROC) analysis was performed on liver-CAP and TG+CAP samples (Figure 2). The 
diagnosis of colorectal polyps with liver-CAP had an AUROC of 0.683, a sensitivity of 0.408, a specificity of 0.942, and a 
cutoff value of 291 dB/m. When the liver-CAP was greater than 291 dB/m, the probability of developing colorectal 
polyps increased. The diagnosis of colorectal polyps with TG+CAP had an AUROC of 0.756, a sensitivity of 0.731, a 
specificity of 0.694, and a cutoff value of 0.704. Taken together, the prediction probability was calculated to be 0.704.

The DeLong method was used to compare the diagnostic efficacy of liver-CAP and TG+CAP (Table 2). No difference 
was observed between liver-CAP and TG+CAP in diagnosing colorectal polyps in NAFLD patients, despite the lower 
AUROC of liver-CAP than that of TG+CAP. Hence, the diagnostic efficacy in both groups was considered the same.

DISCUSSION
Colorectal polyps gradually develop into colorectal cancer, which can substantially impact quality of life and reduce the 
survival rate of patients without early intervention. Therefore, early detection and treatment of colorectal polyps are 
essential for improving the prognosis of colorectal cancer patients and their quality of life[1,2,4-6].

Many studies have reported that NAFLD is a risk factor for colorectal polyps[4-16]. For example, the detection rate of 
hyperplastic polyps in the NAFLD group was significantly greater than that in the control group, and NAFLD was 
associated with an increased risk of hyperplastic polyps[18]. Domestic studies have also validated that colorectal 
adenomatous polyps are positively correlated with NAFLD[16].

Shear wave quantified ultrasound diagnosis of liver function—liver elasticity examination—is a clinically established 
noninvasive method for liver evaluation. Likewise, liver-CAP can determine the prognosis of patients with hepatic 
steatosis and fatty liver[17].

In this study, the occurrence of colorectal polyps was predicted by the liver-CAP in patients with NAFLD. Some 
studies have reported that the level of liver-CAP in patients with colorectal polyps was significantly greater than that in 
patients with noncolorectal polyps[13], and we have also confirmed it in this study. Additionally, this study 
demonstrated that the diagnostic efficacy of TG+CAP was relatively similar to that of liver-CAP alone.

Compared with TG+CAP, liver-CAP had greater specificity in diagnosing colorectal polyps in NAFLD patients (0.942 
vs 0.694) and was simple, rapid, and noninvasive. The findings of this study could assist patients and attending 
physicians in better managing fatty liver, as we reported that liver-CAPs greater than 291 dB/m increased the likelihood 
of developing colorectal polyps. This threshold value is close to the threshold value of liver elasticity for the diagnosis of 
severe steatosis (292 dB/m) and could be a promising alternative diagnostic option for patients.

In this work, the correlations between colorectal polyps, liver-CAP, and lipid metabolism in patients with NAFLD 
were analyzed, and ROC analysis indicated that colorectal polyps were more common in patients with NAFLD when 
liver-CAP was greater than 291 dB/m or when the TG+CAP index was greater than 0.704. In this study, liver-CAP was 
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Table 1 Comparison of general information between the case and control groups

Parameters Case group Control group P value

Number of Patients 120 52 NS

Male patients (%) 76 (63) 26 (50) NS

Age (yr) 58 (48, 64) 53 (46, 62) NS

BMI (kg/m2) 25.58 (23.97, 28.12) 25.01 (22.98, 26.85) NS

TC (mmol/L) 4.81 (3.99, 314) 4.86 (4.05, 5.13) NS

LDL-C (mmol/L) 3.03 (2.38, 3.77) 3.08 (2.14, 3.42) NS

TG (mmol/L) 1.74 (1.14, 2.38) 1.05 (0.74, 1.45) < 0.05

CAP (dB/m) 282 (247, 314) 254 (235, 282) < 0.05

BMI: Body mass index; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; TG: Triglyceride; CAP: Controlled attenuation parameter; NS: 
Not significant. P > 0.05.

Table 2 Comparison of the DeLong area under the receiver operating characteristic curves for parameter and triglyceride combined 
with controlled attenuation parameter

Models compared Z value P value

CAP and TG+CAP -1.815 NS

TG: Triglyceride; CAP: Controlled attenuation parameter; NS: Not significant. P > 0.05.

Figure 1 Forest plot of risk factors for colorectal polyps. The distance between the left and right of each plot represents the confidence interval (CI); the 
triangle represents the liver-controlled attenuation parameter for colorectal polyps, with an odds ratio of 1.019 (95%CI: 1.006-1.033), P < 0.05; the dot represents the 
triglyceride for colorectal polyps with an odds ratio of 2.338 (95%CI: 1.154-4.733), P < 0.05. CI: Confidence interval; TG: Triglyceride; CAP: Controlled attenuation 
parameter.

used as an indicator to predict the occurrence of colorectal polyps. Compared with those of the TG+CAP group, the 
AUROC (0.683) and sensitivity (0.408) in the liver-CAP group were lower, but the specificity was greater (0.942). 
Additionally, the diagnostic efficiency of liver-CAP alone was relatively similar to that of TG+CAP. However, further 
studies with larger sample sizes are still needed to verify the findings of this study.

There were several limitations to this study. This was a cross-sectional and retrospective study, and the sequence and 
specific time points at which fatty liver, lipid metabolism, and colorectal polyps occurred could not be distinguished. In 
addition, the small sample size and the place of residence of the enrolled patients could have affected the research results. 
Hence, it is necessary to expand the sample size and develop a prospective scheme to further verify the findings of this 
study.

CONCLUSION
In summary, this study revealed the correlation of both fatty liver-CAP and TG with the occurrence of colorectal polyps. 
In clinical practice, the findings of this study could facilitate diagnosis and treatment of colorectal polyps as well as the 



Wang L et al. Colorectal polyps and liver-CAP

WJCC https://www.wjgnet.com 2054 April 26, 2024 Volume 12 Issue 12

Figure 2 Comparison of the receiver operating characteristic curves of the controlled attenuation parameter and triglyceride combined 
with controlled attenuation parameter in the diagnosis of colorectal polyps. The red broken line represents the triglyceride (TG) + controlled 
attenuation parameter (CAP) for the diagnosis of colorectal polyps, with an area under the curve (AUC) of 0.756, a sensitivity of 0.731, a specificity of 0.694, and a 
cutoff value of 0.704; the blue broken line represents the CAP for the diagnosis of colorectal polyps, with an AUC of 0.683, a sensitivity of 0.408, a specificity of 0.942, 
and a cutoff value of 291 db/m. ROC: The receiver operating characteristic curve; TG: Triglyceride; CAP: Controlled attenuation parameter; AUC: area under curve.

provision of better informed advice to patients, such as dietary plans and lifestyle information. Overall, the findings of 
this study could improve our understanding of colorectal polyps and fatty liver, enable detection of colorectal polyps as 
early as possible, and help to reduce the degree of fatty liver degeneration encountered in patients.
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Abstract
BACKGROUND 
Various non-steroidal anti-inflammatory drugs (NSAIDs) have been used for ju-
venile idiopathic arthritis (JIA). However, the optimal method for JIA has not yet 
been developed.

AIM 
To perform a systematic review and network meta-analysis to determine the op-
timal instructions.

METHODS 
We searched for randomized controlled trials (RCTs) from PubMed, EMBASE, 
Google Scholar, CNKI, and Wanfang without restriction for publication date or 
language at August, 2023. Any RCTs that comparing the effectiveness of NSAIDs 
with each other or placebo for JIA were included in this network meta-analysis. 
The surface under the cumulative ranking curve (SUCRA) analysis was used to 
rank the treatments. P value less than 0.05 was identified as statistically signifi-
cant.

RESULTS 
We included 8 RCTs (1127 patients) comparing 8 different instructions including 
meloxicam (0.125 qd and 0.250 qd), Celecoxib (3 mg/kg bid and 6 mg/kg bid), 
piroxicam, Naproxen (5.0 mg/kg/d, 7.5 mg/kg/d and 12.5 mg/kg/d), inuprofen 
(30-40 mg/kg/d), Aspirin (60-80 mg/kg/d, 75 mg/kg/d, and 55 mg/kg/d), To-
lmetin (15 mg/kg/d), Rofecoxib, and placebo. There were no significant diffe-
rences between any two NSAIDs regarding ACR Pedi 30 response. The SUCRA 
shows that celecoxib (6 mg/kg bid) ranked first (SUCRA, 88.9%), rofecoxib ranked 
second (SUCRA, 68.1%), Celecoxib (3 mg/kg bid) ranked third (SUCRA, 51.0%). 
There were no significant differences between any two NSAIDs regarding adverse 
events. The SUCRA shows that placebo ranked first (SUCRA, 88.2%), piroxicam 
ranked second (SUCRA, 60.5%), rofecoxib (0.6 mg/kg qd) ranked third (SUCRA, 
56.1%), meloxicam (0.125 mg/kg qd) ranked fourth (SUCRA, 56.1%), and rofeco-
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xib (0.3 mg/kg qd) ranked fifth (SUCRA, 56.1%).

CONCLUSION 
In summary, celecoxib (6 mg/kg bid) was found to be the most effective NSAID for treating JIA. Rofecoxib, pi-
roxicam, and meloxicam may be safer options, but further research is needed to confirm these findings in larger 
trials with higher quality studies.

Key Words: Non-steroidal anti-inflammatory drugs; Juvenile idiopathic arthritis; Network meta-analysis; Systematic review
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INTRODUCTION
Juvenile idiopathic arthritis (JIA) refers to several types of chronic arthritis that appear before the age of 16[1-3]. JIA 
affects 294000 children in the United States, which characterized by chronic arthritis[4,5]. The pathogenesis of JIA was 
unknown. Clinical manifestations of JIA is joint pain, swelling, and morning stiffness[6,7]. Symptoms of JIA often persist 
into adulthood and are one of the leading causes of joint dysfunction in children[8]. At present, JIA is difficult to cure in 
the short term. The goal of treatment for JIA is to achieve sustained remission or low disease activity[9].

There are two forms of COX in the human body currently: COX-1 and COX-2[10,11]. Normally, COX-2 expression is 
low, but in inflammatory conditions, it is dramatically increased and thus causing a high level of inflammation[12]. Non-
steroidal anti-inflammatory drugs (NSAIDs) work by blocking COX enzyme synthesis, which in turn inhibits prosta-
glandin synthesis[13,14]. Thus, NSAIDs have definite pain-relieving and anti-inflammatory properties. Moreover, NS-
AIDs is well tolerated by children and has fewer side effects. Therefore, NSAIDs are recommended drugs for symptom 
relief in JIA.

NSAIDs, which include traditional non-selective NSAIDS and selective NSAIDs. There are no direct comparisons of 
NSAIDs in current research, so it’s important to evaluate their effectiveness and safety from the perspectives of healthcare 
providers and payers. Currently, there is a lack of systematic review and meta-analysis that comparing different NSAIDs 
for JIA. Network meta-analysis enables comparisons between drugs that have not been directly compared in head-to-
head trials, using a common comparator like placebo[15,16]. We will use network meta-analysis to determine the best 
treatment for JIA and guide clinical decision-making. Our goal is to compare NSAIDs for JIA treatment through network 
meta-analysis.

MATERIALS AND METHODS
Search strategy
Two authors independently searched the electronic literature database of PubMed, EMBASE, Google Scholar, CNKI and 
Wanfang without restriction for publication date or language at August, 2023. The key words for searching can be seen in 
Supplement material. Articles and references were searched to prevent overlooking important sources. Previous sys-
tematic reviews, meta-analyses, and randomized controlled trials were also reviewed. Any disagreements between au-
thors were resolved with a third independent author. Only studies involving humans were included in the search. As this 
study is a network meta-analysis, ethical approval was not necessary.

Inclusion criteria
The inclusion criteria were as follows: (1) Patients were diagnosed with JIA; (2) studies comparing NSAIDs therapies 
[meloxicam (0.125 qd and 0.250 qd), Celecoxib (3 mg/kg bid and 6 mg/kg bid)], piroxicam, Naproxen (5.0 mg/kg/d, 7.5 
mg/kg/d, and 12.5 mg/kg/d), Inuprofen (30-40 mg/kg/d), Aspirin (60-80 mg/kg/d, 75 mg/kg/d, and 55 mg/kg/d), 
Tolmetin (15 mg/kg/d), Rofecoxib (0.3 mg/kg qd, 0.6 mg/kg), or with placebo; (3) randomized controlled trials (RCTs); 
and (4) studies reporting ACR Pedi 30 response and adverse events in patients.
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Figure 1  Literature review flow-chart.

The following studies were excluded: (1) Abstract only (insufficient data); (2) repeatedly published studies; (3) re-
peated studies; (4) not RCT; and (5) secondary research papers (e.g., reviews, meta-analyses).

Data extraction
Two investigators independently extracted data from included trials using a standardized form, including author, pub-
lication year, country, participant characteristics, sample size, follow-up duration, and drugs. Clinical outcomes con-
taining ACR Pedi 30 response and adverse events. In case of inconsistencies, extensive discussions were used for 
resolution.

Quality assessment and publication bias assessment
Two assessors evaluated the quality of individual trials based on the Cochrane Handbook, looking at factors like random-
ization, blinding, and reporting bias. Trials were categorized as “low risk”, “high risk”, or “unclear”.

Statistical analysis
A network meta-analysis was performed to compare various treatments utilizing a random-effect model within a Ba-
yesian framework. The analysis was carried out using the “gemtc” and “rjags” packages in R software version 3.5.1. Con-
vergence was ensured through the implementation of a Markov chain Monte Carlo Bayesian approach with four chains, 
each consisting of 20000 iterations. Each chain generated 150000 sample iterations, with 10 thinning intervals and 100000 
burn-ins. Estimates were based on median values from posterior distributions, with statistically significant differences 
indicated by 95% confidence intervals excluding 1 for odds ratios and 0 for mean differences. A significance level of P < 
0.05 was used. Surface under the cumulative ranking curve (SUCRA) values were used in the network meta-analysis to 
rank interventions, with higher values indicating greater efficacy. A cluster-ranking plot was used to find the best out-
come indicator. Heterogeneity was assessed with the I2 test, while inconsistency within models was measured with the 
deviance information criterion. Node-splitting analysis and funnel plots were used to check for local inconsistencies and 
publication bias respectively.

RESULTS
Included studies and risks of bias assessment
The search retrieved a total of 755 articles which were identified from PubMed (322), EMBASE (189), Google Scholar 
(215), CNKI (20), and Wanfang (9). Of these, 123 were removed as duplicates. Based on our review of the title and ab-
stract, 632 full-text papers were reviewed and 618 were excluded. Then, full-text articles were assessed for eligibility and 
6 studies were excluded for reasons. Finally, a total of 8 studies[17-24] met the inclusion criteria and included for analysis 
(Figure 1).
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Figure 2 Risk of bias summary and bias graph. A: Risk of bias summary; B: Risk of bias graph.

Table 1 displayed the basic characteristics of the included studies. The total sample included 467 patients whose mean 
or median baseline age of participants ranged from 7.7 to 11.4 years and all of them were published after 1977. Subtype of 
JIA including polyarticular JIA, oligoarticular JIA and systemic JIA. NSAIDs including meloxicam (0.125 qd and 0.250 
qd), Celecoxib (3 mg/kg bid and 6 mg/kg bid), piroxicam, Naproxen (5.0 mg/kg/d, 7.5 mg/kg/d, and 12.5 mg/kg/d), 
Inuprofen (30-40 mg/kg/d), Aspirin (60-80 mg/kg/d, 75 mg/kg/d, and 55 mg/kg/d), Tolmetin (15 mg/kg/d), 
Rofecoxib (0.3 mg/kg qd, 0.6 mg/kg), and placebo. Most trials included in the meta-analysis had unclear risk of bias, 
with 3 studies having adequate random sequence generation and 5 studies reporting adequate allocation concealment. 
Blinding of participants and personnel was adequate in all included studies, with details shown in Figure 2.

ACR Pedi 30 response
Three studies, involving a total of 770 patients, evaluated the clinical efficacy of four treatments (meloxicam, celecoxib, 
naproxen, and rofecoxib) in relation to the ACR Pedi 30 response. The network structure diagrams in Figure 3A illustrate 
the direct comparisons between these drugs in terms of their impact on the ACR Pedi 30 response. There were no notable 
differences in ACR Pedi 30 response between NSAIDs (Figure 3B). Celecoxib (6 mg/kg bid) had the highest ranking in 
SUCRA at 88.9%, followed by rofecoxib at 68.1% and Celecoxib (3 mg/kg bid) at 51.0% (Figure 3C).

Adverse events
Eight studies with ten treatments (meloxicam, naproxen, piroxicam, placebo, rofecoxib, tolmetin, aspirin, celecoxib, and 
diclofenac) were analyzed for adverse events (Figure 4A). The network structure diagrams showed direct comparisons 
between the drugs, revealing no significant differences in adverse events among any two NSAIDs (Figure 4B). The results 
of the SUCRA indicate that the placebo intervention achieved the highest ranking with a SUCRA value of 88.2%, followed 
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Figure 3 ACR Pedi 30 response. A: The network of evidence of all the trials for ACR Pedi 30 response; B: Forest plot comparing different treatment with 
naproxen for need for ACR Pedi 30 response; C: Surface under the cumulative ranking curve values of different treatment for need for ACR Pedi 30 response.

by piroxicam with a SUCRA of 60.5%. Rofecoxib at a dosage of 0.600 mg/kg per day ranked third with a SUCRA of 
56.1%, while meloxicam at a dosage of 0.125 mg/kg per day and rofecoxib at a dosage of 0.3 mg/kg per day both achi-
eved a SUCRA of 56.1%, placing them in fourth and fifth positions respectively (Figure 4C).

DISCUSSION
Main findings
The systematic review found no significant differences in efficacy or safety among NSAIDs. Celecoxib and rofecoxib were 
ranked highest in terms of efficacy, while piroxicam and rofecoxib were deemed safer compared to other NSAIDs.

Compared with other meta-analysis
Two relevant pair-wise meta-analyses on the topic have been published[25,26]. Our meta-analysis aligns with previous 
studies, but offers unique contributions. It is the first network meta-analysis comparing NSAIDs for JIA and includes a 
protocol for optimal treatment. Thus, our results from this network meta-analysis could help health-care professionals 
make clinical decisions. NSAIDs remain essential for relieving joint symptoms in JIA patients, despite the shift towards 
biologics-targeted therapy.

Study strengths and limitations
This review is the first to systematically analyze and compare NSAIDs in JIA patients, providing a more comprehensive 
assessment than direct comparisons. At the same time, SUCRA value from network meta-analysis realize the efficacy and 
safety of each drug global sorting. The study did not find a statistically significant difference in lowering ACR Pedi 30 
response between the two drugs. Based on the SUCRA values derived from trials included in our network meta-analysis, 
celecoxib (6 mg/kg bid) seem to be the most efficacious drug in lowering ACR Pedi 30 response. This was similar to the 
finding of the previous study, where a no significant difference between NSAIDs for osteoarthritis[27].

Furthermore, NSAIDs are well tolerated and has a good safety record. The most common adverse reactions are gas-
trointestinal adverse effects, headache, fever rash and impairment of liver function. The main side effects of NSAIDs were 
gastrointestinal issues, with no serious adverse events reported. The study found no significant difference in side effects 
between the drugs. Placebo had the highest ranking in terms of safety, followed by piroxicam and rofecoxib. The rate of 
adverse event after administration NSAIDs varied from 0.7% to 70.5%[28-30]. Currently, there are fewer reports of chan-
ges in kidney function among children using NSAIDs, with the most common being reversible acute renal insufficiency. 
In the early stages of NSAID usage, other potential renal damages, such as nephrotic syndrome and interstitial nephritis, 
may also manifest.
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Table 1 General characteristic of the included studies

Sample size Mean age
Ref.

t1 t2 t3 t1 t2 t3
Subtype t1 t2 t3 DMARDs (%) Biologic agents 

(%) CS (%) Treatment duration 
(wk)

Ruperto et al[17], 2005 73 74 78 8.9 9.0 7.5 pJIA, oJIA Meloxicam (0.125 qd) Meloxicam (0.250 qd) Naproxen (5.000 
mg/kg)

24.7/28.4/37.2 NS 19.3/22.0/14.9 12

Foeldvari et al[18], 2009 77 82 83 10.4 10.2 10.4 pJIA, oJIA Celecoxib (3.0 mg/kg 
bid)

Celecoxib (6.0 mg/kg 
bid)

Naproxen (7.5 mg/kg) 50.6/47.6/51.8 0/3.7/3.6 NS 12

García-Morteo et al[19], 
1987

12 14 8.5 8.5 pJIA, oJIA Piroxicam Naproxen (12.5 
mg/kg/d)

NS NS 11.5 12

Giannini et al[20], 1990 45 47 7.7 7.7 pJIA, oJIA, 
sJIA

Inuprofen (30-40 
mg/kg/d)

Aspirin (60-80 
mg/kg/d)

0 0 NS 12

Haapasaari et al[21], 1983 15 15 15 NS NS NS pJIA, oJIA, 
sJIA

Diclofenac (2-3 
mg/kg/d)

Aspirin (50-100 
mg/kg/d)

Placebo NS NS NS 2

Kvien et al[22], 1984 40 40 11.4 9.0 pJIA, oJIA Naproxen (10 mg/kg/d) Aspirin (75 mg/kg/d) 0 0 0 24

Levinson et al[23], 1977 53 54 9.4 9.0 pJIA, oJIA, 
sJIA

Tolmetin (15 mg/kg/d) Aspirin (55 mg/kg/d) NS 0 0 12

Reiff et al[24], 2006 109 100 101 9.7 9.4 10.7 pJIA, oJIA Rofecoxib (0.3 mg/kg 
qd)

Rofecoxib (0.6 mg/kg) Naproxen (7.5 
mg/kg/d)

53.2/51.0/45.5 NS 19.3/22.0/14.9 12

CS: Corticosteroid; pJIA: Polyarticular juvenile idiopathic arthritis; oJIA: Oligoarticular juvenile idiopathic arthritis; sJIA: Systemic juvenile idiopathic arthritis; DMARDs: Disease-modifying anti-rheumatic drugs; NS: Not significant.

Our meta-analysis has limitations, including the lack of randomized controlled trials and a small number of par-
ticipants, necessitating larger clinical trials. Finally, we were unable to report other outcomes like blood loss, hospital stay 
relevant to this meta-analysis. The diversity in the study results may be due to differences in study quality, design, and 
patient characteristics. Incomplete data recording was also noted, which could introduce bias when combining the data. 
However, our study still offers some valuable insights for clinical use.

CONCLUSION
In summary, celecoxib (6 mg/kg bid) was found to be the most effective NSAID for treating JIA. Rofecoxib, piroxicam, 
and meloxicam may be safer options, but further research is needed to confirm these findings in larger trials with higher 
quality studies.
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Figure 4 Adverse events. A: The network of evidence of all the trials for adverse events; B: Forest plot comparing different treatment with placebo for need for 
adverse events; C: Surface under the cumulative ranking curve values of different treatment for need for adverse events.

ARTICLE HIGHLIGHTS
Research background
Different non-steroidal anti-inflammatory drugs (NSAIDs) have been used for juvenile idiopathic arthritis (JIA), but the 
best method has not been determined.

Research motivation
To perform a systematic review and network meta-analysis to identify the most effective NSAID for JIA patients.

Research objectives
To perform a systematic review and network meta-analysis to determine the optimal instructions.

Research methods
We searched for randomized controlled trials (RCTs) from PubMed, EMBASE, Google Scholar, CNKI, and Wanfang 
without restriction for publication date or language at August, 2022. Any RCTs that comparing the effectiveness of 
NSAIDs with each other or placebo for JIA were included in this network meta-analysis. The surface under the cumu-
lative ranking curve (SUCRA) analysis was used to rank the treatments. P value less than 0.05 was identified as statis-
tically significant.

Research results
Eight RCTs (1127 patients) compared different instructions for NSAIDs, including meloxicam, Celecoxib, piroxicam, 
Naproxen, inuprofen, Aspirin, Tolmetin, Rofecoxib, and placebo. No significant differences were found in ACR Pedi 30 
response between any two NSAIDs. Celecoxib (6 mg/kg bid) had the highest SUCRA ranking at 88.9%, followed by 
rofecoxib at 68.1% and Celecoxib (3 mg/kg bid) at 51.0%. There were no notable differences in adverse events between 
NSAIDs. Placebo had the highest ranking, followed by piroxicam, rofecoxib (0.600 mg/kg qd), meloxicam (0.125 mg/kg 
qd), and rofecoxib (0.300 mg/kg qd).
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Research conclusions
In summary, celecoxib (6 mg/kg bid) was found to be the most effective NSAID for treating JIA.

Research perspectives
Rofecoxib, piroxicam, and meloxicam may be safer options, but further research is needed to confirm these findings in 
larger trials with higher quality studies.
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Abstract
BACKGROUND 
Human immunodeficiency virus (HIV)-associated dementia (HAD) is a subcor-
tical form of dementia characterized by memory deficits and psychomotor slow-
ing. However, HAD often presents with symptoms similar to those of Creutzfeldt-
Jakob disease (CJD), particularly in patients with acquired immune deficiency 
syndrome (AIDS).

CASE SUMMARY 
We report the case of a 54-year-old male who exhibited cognitive dysfunction and 
secondary behavioral changes following HIV infection and suspected prion ex-
posure. The patient was diagnosed with HIV during hospitalization and his ce-
rebrospinal fluid tested positive for 14-3-3 proteins. His electroencephalogram 
showed a borderline-abnormal periodic triphasic wave pattern. Contrast-enhan-
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ced magnetic resonance imaging revealed moderate encephalatrophy and demyelination. Initially, symptomatic 
treatment and administration of amantadine were pursued for presumed CJD, but the patient’s condition con-
tinued to deteriorate. By contrast, the patient’s condition improved following anti-HIV therapy. This individual is 
also the only patient with this prognosis to have survived over 4 years. Thus, the diagnosis was revised to HAD.

CONCLUSION 
In the diagnostic process of rapidly progressive dementia, it is crucial to rule out as many potential causes as po-
ssible and to consider an autopsy to diminish diagnostic uncertainty. The 14-3-3 protein should not be regarded as 
the definitive marker for CJD. Comprehensive laboratory screening for infectious diseases is essential to enhance 
diagnostic precision, especially in AIDS patients with potential CJD. Ultimately, a trial of diagnostic treatment may 
be considered when additional testing is not feasible.

Key Words: HIV-associated dementia; Cognitive dysfunction; Creutzfeld-Jakob disease; Rapidly progressive dementia; Case 
report

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

Core Tip: In the present case report, we excluded an extremely rare patient with human immunodeficiency virus (HIV) and 
cerebrospinal fluid 14-3-3 protein-positive. Unlike the previously reported 7 cases, our patient had sustained improvement 
with anti-HIV therapy and was also the only patient in this entity to survive. Consequently, our report provided a completely 
different reference for managing rapidly progressive dementia in particular cases.

Citation: He YS, Qin XH, Feng M, Huang QJ, Zhang MJ, Guo LL, Bao MB, Tao Y, Dai HY, Wu B. Human immunodeficiency virus-
associated dementia complex with positive 14-3-3 protein in cerebrospinal fluid: A case report. World J Clin Cases 2024; 12(12): 
2065-2073
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2065.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2065

INTRODUCTION
Human immunodeficiency virus (HIV)-associated dementia (HAD) is subcortical dementia characterized by memory 
deficits and psychomotor slowing, which occurs after the brain is infected with the HIV[1]. Cognitive dysfunction is a 
common symptom in patients with acquired immune deficiency syndrome (AIDS) and non-opportunistic infections 
caused by other viruses. Creutzfeldt-Jakob disease (CJD), also known as Cortico-striatum-myeloid degenerative disease, 
is characterized by mental disorders, dementia, Parkinson-like manifestations, ataxia, myoclonus, and muscle atrophy. 
CJD is a chronic and progressive disease caused by a rare infection with the prion protein[2]. Additionally, the cerebro-
spinal fluid (CSF) 14-3-3 protein is an essential marker for diagnosing CJD.

Here, a rare case is presented of a patient with AIDS and a positive 14-3-3 protein[2]. Although similar cases have been 
reported[3-7], this case provides new insights and is an important learning point for managing patients with rapidly pro-
gressive dementia due to its distinct diagnosis, treatment, and efficacy.

CASE PRESENTATION
Chief complaints
A 54-year-old male (Han ethnicity) presented to the neurology clinic of our institution with a 6 mo history of slurred 
speech that had worsened over the past 3 months.

History of present illness
The patient had suffered from memory disturbances for more than 1 year, with symptoms primarily including progre-
ssive memory loss and episodic anterograde amnesia. Additionally, he had developed an unstable gait. Initially diag-
nosed with brain atrophy, his symptoms had intensified after treatment at another facility, from which no case report was 
provided. One year prior, the patient had exhibited unclear speech, pain at the base of the tongue, and general malaise.

Additionally, dizziness, and left ear tinnitus were occasionally noted but he did not present physical signs of dys-
phagia or choking. The patient rejected therapy until 3 months ago when the above conditions were aggravated and the 
patient became unable to take care of himself. During the first consultation in our clinic on July 13, 2018, the patient 
demonstrated advanced manifestations of unsteady gait with one reported fall (details unavailable); severe cognitive 
dysfunction; hypopsychosis, which gradually became silent; and significantly decreased speech. Functionally, the patient 

https://www.wjgnet.com/2307-8960/full/v12/i12/2065.htm
https://dx.doi.org/10.12998/wjcc.v12.i12.2065
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was unemployed and lost self-care ability.

History of past illness
The patient’s past medical history was unremarkable.

Personal and family history
The patient had no history of exposure to toxic substances or family history of specific genetic diseases.

Physical examination
The patient was alert and entered the ward with a normal gait. He exhibited slurred speech, uncontrolled frowning, and 
pursing of the lips. Neurological deficits were noted, including impairments in memory, orientation, reasoning, and 
emotional expression. Meningeal signs were absent. The pharyngeal reflex was diminished, limb muscle tone was hei-
ghtened, the Babinski sign was positive, and there was evident dysmetria on the finger-to-nose test (more pronounced on 
the left side) and the heel-to-knee test. Additionally, the patient tested positive for the Romberg sign, but there were no 
signs of tongue deviation or other pathological indicators.

Laboratory testing
Upon his admission, the family reported abnormality on the Mini-Mental State Examination and Montreal Cognitive 
Assessment tests during a previous assessment at another hospital, although the medical records from that visit were not 
available to us. Following his admission, an initial HIV antibody screening returned positive results, prompting us to 
perform a confirmatory HIV antibody test on the patient’s blood (the final results were pending at that time). Laboratory 
tests indicated leukocytopenia with a white blood cell count of 3.2 × 109/L and lymphocytes at 0.96 × 109/L. Analysis of T 
cell subsets showed a T helper (TH)/T suppressor (TS) ratio of 0.1, with TH/inducer (cluster of differentiation 4 [CD4]) 
cells at 78/µL and TS/killer (CD8) cells at 1218/µL. In addition, the patient’s CSF protein concentration was elevated at 
0.73 g/L. The CSF cell count was normal, and extensive CSF testing for biochemical markers, routine cultures (including 
bacteria, fungi, Mycobacterium tuberculosis, and Cryptococcus), and antibodies associated with autoimmune and paraneo-
plastic encephalitis all returned negative results. Liver and kidney functions were normal, as were tests for anti-thyroid 
peroxidase antibody, anti-thyroglobulin antibody, ceruloplasmin, anti-nuclear antibody, anti-neutrophil cytoplasmic 
antibody, folic acid, and vitamin B12 levels. The CSF tested positive for the 14-3-3 protein, and genotyping confirmed 129 
M/M and 219 E/E variants (Figure 1). An electroencephalogram (EEG) showed borderline abnormalities with periodic 
triphasic waves, which were not indicative of a typical disorder.

Imaging examination
Cranial computed tomography (CT) revealed cerebral atrophy and demyelination abnormalities in the white matter 
(Figure 2), given the multiple pinpoint hypodensities within the white matter exhibited in the bilateral basal ganglia with 
non-enhancement in all lesions and was initially diagnosed with lacunar infarction (Figure 2A). Medium encepha-
latrophy imaging accompanying white matter demyelination around the bilateral cerebral ventricle on T2-weighted 
images with pre-contrast c-magnetic resonance imaging (MRI) (Figure 2B). Meanwhile, 3–5 punctate hypodense lesions 
were identified in the bilateral basal ganglia on post-contrast MRI scans, with no evidence of enhancement (Figure 2C). 
Furthermore, the diffusion-weighted imaging (DWI) sequences on MRI did not display the characteristic “satin-like” high 
signal (Figure 2D).

FINAL DIAGNOSIS
HIV-associated dementia.

TREATMENT
The patient's condition worsened while awaiting a conclusive AIDS diagnosis. We treated the patient with symptomatic 
treatment and amantadine (Amantadine Hydrochloride Tablets, USP) for CJD, which was the initial diagnosis con-
sidered. Despite these measures, the patient's health continued to decline. During this period, confirmatory tests for HIV 
antibodies returned positive results.

The patient was subsequently transferred to a specialized local center for infectious disease control to receive targeted 
treatment. Over the course of 4 years, the anti-HIV regimen provided by the center consisted of efavirenz (600 mg daily), 
tenofovir disoproxil (300 mg daily), lamivudine (100 mg daily), and compound sulfamethoxazole tablets (480 mg twice a 
day). The patient experienced rapid amelioration of symptoms following the commencement of antiretroviral therapy 
during his hospital stay.
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Figure 1 The 14–3–3 protein was found in cerebrospinal fluid, and 129 M/M and 219 E/E genotype was further verified. The 14-3-3 protein was 
positive, and the protein gene test showed M/M type.

OUTCOME AND FOLLOW-UP
Four years later, during a comprehensive outpatient follow-up assessment the patient exhibited clear consciousness and 
coherent speech; while recent memory and emotional expressiveness were mildly diminished, they were only marginally 
below the normal range; and the orientation and logical thinking functions were unremarkable. The limb muscle tension 
slightly increased, and the muscle strength was normal. The neurological signs and other symptoms were normal. The 
neuroradiological re-examination of the c-MRI (Figure 2E) revealed that the mild cerebral atrophy accompanying obvious 
demyelination in the white matter around the bilateral cerebral ventricle had improved than previous imaging. Addi-
tionally, several punctate hypointense lesions were spotted in the bilateral basal ganglia, exhibiting no enhancement 
(Figure 2F). The comparative scales and additional assessments conducted before and after treatment are summarized in 
Table 1.

DISCUSSION
CJD is a degenerative central nervous system disease caused by prion proteins, mainly manifested as advancing de-
mentia, myoclonus, cerebellar ataxia, and akinetic mutism[8]. The average survival from onset to death is only a few 
months[3-7]. According to its etiology, CJD is mainly divided into four types: Sporadic (accounting for approximately 
85%), hereditary/family (5%-15%), iatrogenic, and variant (0%-10%)[2]. Sporadic (sCJD) hinges on rapidly progressive 
cognitive decline, verified through neuropathological examination or supportive immunochemical or biochemical mar-
kers. For a tentative diagnosis of sCJD, clinical symptoms must be corroborated by additional tests, such as an EEG show-
ing periodic sharp wave complexes, DWI exhibiting the ribbon sign, elevated 14-3-3 protein levels in the CSF, and a 
positive real-time quaking-induced conversion (RT-QuIC) test[9].

In their comprehensive review of the literature from 1995 to 2011, Muayqil et al[10] analyzed 38 studies involving 1849 
suspected cases of sCJD with 14-3-3 protein assays conducted. Their findings indicated that the 14-3-3 protein is a va-
luable diagnostic marker for sCJD with a sensitivity of 92% and specificity of 80%. Furthermore, the detection of prions 
through RT-QuIC has demonstrated enhanced diagnostic accuracy, boasting a sensitivity of 96% and specificity reaching 
100%[11,12].

MRI sensitivity is 80% in CJD[9,11,13,14], Some studies put the sensitivity as high as 92% to 98%[15-17]. At the same 
time, its specificity is 74%–98%[9,13].

Periodic sharp-wave complexes (PSWCs) at a frequency of 1 Hz are a hallmark EEG pattern for CJD, demonstrating a 
sensitivity of 64% and a specificity of 91% in diagnosis[18]. The molecular classification of sporadic CJD hinges on poly-
morphisms at codon 129 (M and V) and the PrP^Sc glycotype (1 and 2), leading to distinct molecular subtypes such as 
MM1 and MV1[9]. Crucially, a single somatic mutation in the prion protein (PRNP) gene, specifically at M129V and E2-
19K, is implicated in CJD pathogenesis[19]. The frequency of this gene mutation varies across ethnicities, with the Han 
population showing a higher propensity for the 129 M/M genotype, which correlates with an earlier disease onset. No-
tably, typical PSWCs generally manifest in the later stages of the disease and are less common in MV2, VV2, and MM2 
subtypes[9].
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Table 1 Comparison of conditions between before and after treatment with anti-human immunodeficiency virus

Test items Before After

MoCA 16 25

ADL 25 70

Muscle strength V V

Hypertonia (+) Improvement

Pathological reflex (-) (-)

Neuroradiology (+) Improvement

ADL: Activities of daily living; MoCA: Montreal Cognitive Assessment.

In such cases, the diagnosis of probable CJD should meet the criteria for symptomatology, ancillary tests, and ex-
clusion. Symptomatically: First: Rapidly progressive cognitive impairment. (1) Myoclonus; (2) Visual or cerebellar dis-
turbance; (3) Pyramidal or extrapyramidal signs; and (4) Akinetic mutism. Ancillary criteria include: (1) Typical EEG; (2) 
Typical brain MRI; and (3) Positive CSF 14-3-3. Simultaneously, other possible diseases must also be excluded. Possible 
diagnostic criteria for CJD must meet the first and second symptoms (at least two), a positive criterion on a combined 
auxiliary test. Of course, other possible diseases must be ruled out to be diagnosed as probable CJD. A probable diagnosis 
of CJD is sufficient, in addition to meeting the criteria for the first and second symptoms (at least two), with a duration of 
less than 2 years. The PRNP test demonstrated M/M type, which increased the suspicion of CJD. Despite the strong 
consideration of HAD in this patient, the likelihood of probable CJD should still be taken into account during their hos-
pital stay.

HAD is a common neurological complication after HIV infection and is mainly associated with memory impairment, 
motor coordination difficulties, cognitive deficits, difficulty performing complex tasks, and behavioral changes, including 
apathy and atypical reactions[1,20].

Most patients initially present with only short-term memory disorders in the early stages of AIDS; however, as the 
disease progresses, HIV-related chronic inflammation and immune activation may affect multiple brain regions. This can 
lead to dysfunctions in memory, cognition, language expression, and comprehension. With the widespread application of 
highly active antiretroviral therapy, the life expectancy of patients with HIV has significantly increased. Despite this, the 
incidence of moderate neurocognitive impairments remains high. A possible reason is that most anti-HIV drugs do not 
efficiently cross the blood-brain barrier to enter the central nervous system (CNS), resulting in insufficient drug concen-
trations in the CNS. Combined with the environmental factors within the CNS, HIV is prone to mutation, and the chronic 
accumulation of neurotoxicity leads to moderate neurocognitive dysfunction[20].

In this case, the diagnosis was considered infectious dementia combined with the medical history of the patient and 
auxiliary examination. The prime suspect was HIV, based on the following. Both HIV antibody screening test and HIV 
antibody confirmatory tests were positive. The apparent symptoms, including memory disorders, slowed mental proce-
ssing, and behavioral disorders, were the primary symptoms of HAD, and there was a significant decrease in the patient's 
ability to perform daily activities. Regarding neuroradiology, CT and c-MRI revealed brain atrophy, demyelination, and 
white matter changes without enhancement. Consequently, the information above was consistent with HIV infection.

Four years after initiating anti-HIV treatment, we noted improved cognitive function and self-care abilities. However, 
memory remained worse than before; therefore, it is possible that prions may also play a role in the patient's rapid pro-
gressive dementia (RPD), Additionally, we speculate that HIV and CJD are not entirely coincidental as previously sug-
gested[4,6].

Patients with co-infection of HIV and prions are very rare. To the best of our knowledge, only 5 cases have been diag-
nosed to date, and 3 others including our patient are highly suspected (Table 2). Unlike previously reported cases, our 
patient demonstrated sustained improvement following anti-HIV therapy and is the only known survivor. Our report 
provides a completely different reference for managing such cases.

The first patient was published by Babi et al[4] in 2016. The patient had well-controlled chronic AIDS. The elderly man 
passed away 3 months after a positive 14-3-3 protein test in the CSF, and a diagnosis of sCJD was confirmed histopatholo-
gically by autopsy. Subsequent reports indicate that all patients with similar conditions died within 2 months to 13 
months[3,5-7,21]. In 3 of these cases, the diagnosis of sCJD was also confirmed by autopsy[3,7,21], and variant CJD in 1 
case[21]. In the remaining 2 cases, autopsies were unavailable, but CJD was highly suspected[5,6]. The majority of these 
authors concur that there is no direct evidence linking HIV infection and prion diseases; however, further investigation is 
needed[4,6,7,21]. Abu-Rumeileh et al[3] concluded that RT-QuIC should be utilized as a specific screening tool for pro-
gressive dementia, while Dahy et al[5] contend that screening for sCJD should be mandatory in young patients with de-
mentia who are living with HIV.

In our case, the patient's symptoms improved following anti-AIDS treatment, reducing the likelihood to be diagnosed 
with CJD (Table 1). Although 7 patients documented in previous reports shared similarities with the current case, 
presenting with AIDS and positive 14-3-3 protein, they were ultimately confirmed to have CJD via autopsy (Table 2).

In patients without routine HIV screening tests, RPD and positive 14-3-3 protein in CSF may easily lead to a misdia-
gnosis of CJD. Neurologists should exert every effort to determine the cause of RPD during diagnosis. Positive 14-3-3 
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Table 2 Difference between a previous case report about rapidly progressive dementia with human immunodeficiency virus and current report

Ref. Pt Sex Age Race/Region Symptoms Examination Diagnosis Management Outcomes

Babi et al[4] 2016 Male 66 United States Conceptual apraxia, apathy, memory impairment, and 
gait disturbance, ataxia with gait disturbance, chronic 
peripheral neuropathy

CSF: 14-3-3(+); T-Tau(+); RT-Qu IC(+); MRI: signal abnormalities in 
the bilateral caudate, putamen, and thalami, as well as gyriform 
cortical; EEG: (-); PRNP: N/A; Autopsy: CJD

Sporadic CJD Palliative care Passed away (3 
months)

Eimer et al[7] 2018 Male 59 Caucasian Mildly disoriented being insecure about the situation 
and location

CSF: 14-3-3(+); MRI: signal abnormalities in the caudate nuclei, 
frontal cortex, and parietal cortex bilaterally; EEG: periodic 
triphasic spike and wave complexes; PRNP: M129V; Autopsy: CJD

Sporadic CJD Palliative care Passed away (2 
months)

Abu-
Rumeileh et al
[3]

2018 Male 62 Italy Drowsy, with reduced verbal fluency, miotic reagent 
pupils, and a mask face. Axial and limb plastic 
hypertonia and dystonia of both hands

CSF: 14-3-3(+); MRI: cortical atrophy and multiple white matter 
lesions. EEG: pseudo-periodic slow spike discharges; PRNP: N/A; 
Autopsy: CJD

Sporadic CJD Palliative care Passed away (4 
months)

De Carvalho 
Neto et al[6]

2019 Male 52 Caucasian Progressive imbalance, motor and cognitive deteri-
oration and hypersomnia

CSF: 14-3-3(+); MRI: cortical gyri_x005f form restriction on both 
hemispheres; EEG: triphasic PSWC; PRNP: N/A; Autopsy: N/A

Probable 
sporadic CJD

Palliative care Passed away 
(greater than 2 
months)

van de Ven et 
al[21]

2019 Male 63 Black 
Zimbabwean

Progressive difficulties with decision-making, obsessive 
compulsive disorder and visual hallucinations

CSF: 14-3-3 (weakly+); MRI: bilateral abnormal signal within the 
posterolateral thalami compatible with pulvinar sign; EEG: Diffuse 
excess of slow activity; PRNP: M129V; Autopsy: CJD

Variant CJD Palliative care Passed away (10 
months)

Dahy et al[5] 2021 Male 52 Brazil Global cerebellar syndrome, bilateral Babinski, 4-limb 
paratonia and release of face axial reflexes. The 
memory, attention and executive function deficits

CSF: 14-3-3(+); MRI: bilateral hyper intensity of images in caudal 
nuclei; EEG: (-); PRNP: M129V; Autopsy: N/A

Probable 
sporadic CJD

N/A Passed away (13 
months)

Dahy et al[5] 2021 Male 61 Brazil Asthenia, lack of appetite, difficulty sleeping and 
occasional memory lapses, uncoordinated steps, visual 
delusions and bladder incontinence

CSF: 14-3-3(+); MRI: bilateral cortical ribboning in the cerebral 
cortex; PRNP: N/A; EEG: N/A; Autopsy: N/A

Probable 
sporadic CJD

N/A Passed away (5 
months)

Current 
report

2022 Male 54 Han/China Progressive hypomnesis, paroxysmal anterograde 
amnesia, unsteady gait

CSF: 14-3-3 (weakly+); MRI: Bilateral abnormal signal within the 
posterolateral thalami compatible; EEG: Borderline abnormality of 
the periodic triphasic wave; PRNP: 129 M/M; Autopsy: N/A

Probable ADC Anti-HIV Improved and 
following-up

ADC: AIDS dementia complex; CJD: Creutzfeldt-Jakob disease; CSF: Cerebrospinal fluid; EEG: Electroencephalogram; HIV: Human immunodeficiency virus; N/A: Not available; PRNP: Prion protein gene; PSWC: Periodic sharp and 
slow wave complex; Pt: Publish time.

protein expression is of great value in CJD diagnosis, but it also has some limitations and presents interference. Re-
evaluation of the CSF 14-3-3 protein or an RT-QuIC test should be considered to enhance diagnostic accuracy when 
additional examinations are not available for such rare cases.

CONCLUSION
HAD and CJD are easily misdiagnosed. In the etiological diagnosis of RPD, it is vital to exclude as many causes as po-
ssible and, if necessary, perform an autopsy to minimize diagnostic bias. The 14-3-3 protein should not be regarded as the 
only marker for CJD. Comprehensive laboratory screening for infection markers is essential to enhance diagnostic pre-



He YS et al. A rare case of AIDS dementia

WJCC https://www.wjgnet.com 2071 April 26, 2024 Volume 12 Issue 12

Figure 2 Pre- and post-treatment cranial imaging examinations of the patient. A-D: Neuroradiological presentation of this patient before treatment; The 
brain computed tomography reveals encephalatrophy and demyelination in the white matter (A); Axial T1-weighted brain magnetic resonance imaging (MRI) with pre-
contrast shows mild encephalatrophy and demyelination around the bilateral cerebral ventricles (B); Axial T1-weighted brain MRI with post-contrast displays no 
enhancement of any lesions (C and D); E and F: Neuroradiological presentation of this patient after treatment; Axial T1-weighted brain MRI with pre-contrast 
illustrates slight encephalatrophy and the significantly improved demyelination in the white matter around the bilateral cerebral ventricles (E); Axial T1-weighted brain 
MRI with post-contrast demonstrates no enhancement in any of the lesions (F).

cision, particularly in cases where AIDS coexists with CJD. Furthermore, a trial of diagnostic treatment may be beneficial 
when additional diagnostic tests are not accessible.

FOOTNOTES
Co-first authors: Yun-Sen He and Xiao-Hong Qin.

Co-corresponding authors: Hong-Yuan Dai and Bo Wu.



He YS et al. A rare case of AIDS dementia

WJCC https://www.wjgnet.com 2072 April 26, 2024 Volume 12 Issue 12

Author contributions: Min F contributed to investigation, writing – original draft, review and editing; Huang QJ, Zhang MJ, Bao MB, Tao 
Y, Wu B, and Dai HY contributed to writing – review and editing; He YS, Qin XH, Min F, Huang QJ, Zhang MJ, Bao MB, Tao Y, and Wu 
B contributed to data curation; He YS, Qin XH, Min F, and Wu B contributed to methodology; He YS, Qin XH, Huang QJ, Zhang MJ, Bao 
MB, Tao Y, and Dai HY contributed to the resources; Tao Y contributed to funding acquisition; Dai HY contributed to conceptualization. 
He YS and Qin XH contributed equally to writing the original draft and to formal analysis, and merit co-first authorship. Dai HY and Wu 
B have each made distinct contributions to this case report, encompassing clinical treatment and the writing of the case report, 
respectively, and merit co-corresponding authorship; Dai HY was involved in the clinical treatment and the extended follow-up of this 
case, as well as verifying the authenticity of clinical data and patient outpatient consultations; Wu B participated in the search for 
relevant literature, guided the writing of this case report, and was involved in editing, proofreading, and submitting the manuscript. All 
authors have read and approved the final manuscript.

Informed consent statement: Informed written consent was obtained from the patient for publication of this report.

Conflict-of-interest statement: The authors have no conflicts of interest to declare.

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/Territory of origin: China

ORCID number: Hong-Yuan Dai 0000-0002-7249-4113; Bo Wu 0000-0003-3448-267X.

S-Editor: Liu JH 
L-Editor: Filipodia 
P-Editor: Xu ZH

REFERENCES
1 McArthur JC, Brew BJ, Nath A. Neurological complications of HIV infection. Lancet Neurol 2005; 4: 543-555 [PMID: 16109361 DOI: 

10.1016/S1474-4422(05)70165-4]
2 Sitammagari KK, Masood W.   Creutzfeldt Jakob Disease. 2024 Jan 30. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 

2024 [PMID: 29939637]
3 Abu-Rumeileh S, Capellari S, Parchi P. Rapidly Progressive Alzheimer's Disease: Contributions to Clinical-Pathological Definition and 

Diagnosis. J Alzheimers Dis 2018; 63: 887-897 [PMID: 29710713 DOI: 10.3233/JAD-171181]
4 Babi MA, Kraft BD, Sengupta S, Peterson H, Orgel R, Wegermann Z, Lugogo NL, Luedke MW. Related or not? Development of spontaneous 

Creutzfeldt-Jakob disease in a patient with chronic, well-controlled HIV: A case report and review of the literature. SAGE Open Med Case Rep 
2016; 4: 2050313X16672153 [PMID: 27781099 DOI: 10.1177/2050313X16672153]

5 Dahy FE, Novaes CTG, Bandeira GA, Ramin LF, Oliveira ACP, Smid J. Sporadic Creutzfeldt-Jakob disease in two clinically and virologically 
controlled Brazilian HIV patients who progressed rapidly to dementia: case reports and literature review. Rev Inst Med Trop Sao Paulo 2021; 
63: e23 [PMID: 33787743 DOI: 10.1590/S1678-9946202163023]

6 De Carvalho Neto EG, Gomes MF, De Oliveira M, Guete MIN, Santos IP, Monteiro MD, Stelzer FG, Kowacs F, Barea LM. The worst is yet 
to come: probable sporadic Creutzfeldt-Jakob disease in a well-controlled HIV patient. Prion 2019; 13: 156-159 [PMID: 31405318 DOI: 
10.1080/19336896.2019.1648985]

7 Eimer J, Vesterbacka J, Savitcheva I, Press R, Roshanisefat H, Nowak P. Nonopportunistic infection leading to rapidly progressive dementia 
in a patient with HIV/AIDS: A case report. Medicine (Baltimore) 2018; 97: e0162 [PMID: 29561424 DOI: 10.1097/MD.0000000000010162]

8 Geschwind MD. Rapidly Progressive Dementia. Continuum (Minneap Minn) 2016; 22: 510-537 [PMID: 27042906 DOI: 
10.1212/CON.0000000000000319]

9 Hermann P, Appleby B, Brandel JP, Caughey B, Collins S, Geschwind MD, Green A, Haïk S, Kovacs GG, Ladogana A, Llorens F, Mead S, 
Nishida N, Pal S, Parchi P, Pocchiari M, Satoh K, Zanusso G, Zerr I. Biomarkers and diagnostic guidelines for sporadic Creutzfeldt-Jakob 
disease. Lancet Neurol 2021; 20: 235-246 [PMID: 33609480 DOI: 10.1016/S1474-4422(20)30477-4]

10 Muayqil T, Gronseth G, Camicioli R. Evidence-based guideline: diagnostic accuracy of CSF 14-3-3 protein in sporadic Creutzfeldt-Jakob 
disease: report of the guideline development subcommittee of the American Academy of Neurology. Neurology 2012; 79: 1499-1506 [PMID: 
22993290 DOI: 10.1212/WNL.0b013e31826d5fc3]

11 Franceschini A, Baiardi S, Hughson AG, McKenzie N, Moda F, Rossi M, Capellari S, Green A, Giaccone G, Caughey B, Parchi P. High 
diagnostic value of second generation CSF RT-QuIC across the wide spectrum of CJD prions. Sci Rep 2017; 7: 10655 [PMID: 28878311 DOI: 
10.1038/s41598-017-10922-w]

12 Lattanzio F, Abu-Rumeileh S, Franceschini A, Kai H, Amore G, Poggiolini I, Rossi M, Baiardi S, McGuire L, Ladogana A, Pocchiari M, 
Green A, Capellari S, Parchi P. Prion-specific and surrogate CSF biomarkers in Creutzfeldt-Jakob disease: diagnostic accuracy in relation to 
molecular subtypes and analysis of neuropathological correlates of p-tau and Aβ42 levels. Acta Neuropathol 2017; 133: 559-578 [PMID: 
28205010 DOI: 10.1007/s00401-017-1683-0]
Abu-Rumeileh S, Steinacker P, Polischi B, Mammana A, Bartoletti-Stella A, Oeckl P, Baiardi S, Zenesini C, Huss A, Cortelli P, Capellari S, 
Otto M, Parchi P. CSF biomarkers of neuroinflammation in distinct forms and subtypes of neurodegenerative dementia. Alzheimers Res Ther 

13

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-7249-4113
http://orcid.org/0000-0002-7249-4113
http://orcid.org/0000-0003-3448-267X
http://orcid.org/0000-0003-3448-267X
http://www.ncbi.nlm.nih.gov/pubmed/16109361
https://dx.doi.org/10.1016/S1474-4422(05)70165-4
http://www.ncbi.nlm.nih.gov/pubmed/29939637
http://www.ncbi.nlm.nih.gov/pubmed/29710713
https://dx.doi.org/10.3233/JAD-171181
http://www.ncbi.nlm.nih.gov/pubmed/27781099
https://dx.doi.org/10.1177/2050313X16672153
http://www.ncbi.nlm.nih.gov/pubmed/33787743
https://dx.doi.org/10.1590/S1678-9946202163023
http://www.ncbi.nlm.nih.gov/pubmed/31405318
https://dx.doi.org/10.1080/19336896.2019.1648985
http://www.ncbi.nlm.nih.gov/pubmed/29561424
https://dx.doi.org/10.1097/MD.0000000000010162
http://www.ncbi.nlm.nih.gov/pubmed/27042906
https://dx.doi.org/10.1212/CON.0000000000000319
http://www.ncbi.nlm.nih.gov/pubmed/33609480
https://dx.doi.org/10.1016/S1474-4422(20)30477-4
http://www.ncbi.nlm.nih.gov/pubmed/22993290
https://dx.doi.org/10.1212/WNL.0b013e31826d5fc3
http://www.ncbi.nlm.nih.gov/pubmed/28878311
https://dx.doi.org/10.1038/s41598-017-10922-w
http://www.ncbi.nlm.nih.gov/pubmed/28205010
https://dx.doi.org/10.1007/s00401-017-1683-0


He YS et al. A rare case of AIDS dementia

WJCC https://www.wjgnet.com 2073 April 26, 2024 Volume 12 Issue 12

2019; 12: 2 [PMID: 31892365 DOI: 10.1186/s13195-019-0562-4]
14 Fiorini M, Iselle G, Perra D, Bongianni M, Capaldi S, Sacchetto L, Ferrari S, Mombello A, Vascellari S, Testi S, Monaco S, Zanusso G. High 

Diagnostic Accuracy of RT-QuIC Assay in a Prospective Study of Patients with Suspected sCJD. Int J Mol Sci 2020; 21 [PMID: 32019068 
DOI: 10.3390/ijms21030880]

15 Bizzi A, Pascuzzo R, Blevins J, Grisoli M, Lodi R, Moscatelli MEM, Castelli G, Cohen ML, Schonberger LB, Foutz A, Safar JG, Appleby BS, 
Gambetti P. Evaluation of a New Criterion for Detecting Prion Disease With Diffusion Magnetic Resonance Imaging. JAMA Neurol 2020; 77: 
1141-1149 [PMID: 32478816 DOI: 10.1001/jamaneurol.2020.1319]

16 Forner SA, Takada LT, Bettcher BM, Lobach IV, Tartaglia MC, Torres-Chae C, Haman A, Thai J, Vitali P, Neuhaus J, Bostrom A, Miller BL, 
Rosen HJ, Geschwind MD. Comparing CSF biomarkers and brain MRI in the diagnosis of sporadic Creutzfeldt-Jakob disease. Neurol Clin 
Pract 2015; 5: 116-125 [PMID: 26137420 DOI: 10.1212/CPJ.0000000000000111]

17 Rudge P, Hyare H, Green A, Collinge J, Mead S. Imaging and CSF analyses effectively distinguish CJD from its mimics. J Neurol Neurosurg 
Psychiatry 2018; 89: 461-466 [PMID: 29142140 DOI: 10.1136/jnnp-2017-316853]

18 Steinhoff BJ, Zerr I, Glatting M, Schulz-Schaeffer W, Poser S, Kretzschmar HA. Diagnostic value of periodic complexes in Creutzfeldt-Jakob 
disease. Ann Neurol 2004; 56: 702-708 [PMID: 15449324 DOI: 10.1002/ana.20261]

19 Yu SL, Jin L, Sy MS, Mei FH, Kang SL, Sun GH, Tien P, Wang FS, Xiao GF. Polymorphisms of the PRNP gene in Chinese populations and 
the identification of a novel insertion mutation. Eur J Hum Genet 2004; 12: 867-870 [PMID: 15266305 DOI: 10.1038/sj.ejhg.5201245]

20 Joseph J, Colosi DA, Rao VR. HIV-1 Induced CNS Dysfunction: Current Overview and Research Priorities. Curr HIV Res 2016; 14: 389-399 
[PMID: 27009096 DOI: 10.2174/1570162x14666160324124940]

21 van de Ven NS, Vera J, Jones JR, Vundavalli S, Ridha BH. Sporadic CJD in association with HIV. J Neurol 2019; 266: 253-257 [PMID: 
30446965 DOI: 10.1007/s00415-018-9116-0]

http://www.ncbi.nlm.nih.gov/pubmed/31892365
https://dx.doi.org/10.1186/s13195-019-0562-4
http://www.ncbi.nlm.nih.gov/pubmed/32019068
https://dx.doi.org/10.3390/ijms21030880
http://www.ncbi.nlm.nih.gov/pubmed/32478816
https://dx.doi.org/10.1001/jamaneurol.2020.1319
http://www.ncbi.nlm.nih.gov/pubmed/26137420
https://dx.doi.org/10.1212/CPJ.0000000000000111
http://www.ncbi.nlm.nih.gov/pubmed/29142140
https://dx.doi.org/10.1136/jnnp-2017-316853
http://www.ncbi.nlm.nih.gov/pubmed/15449324
https://dx.doi.org/10.1002/ana.20261
http://www.ncbi.nlm.nih.gov/pubmed/15266305
https://dx.doi.org/10.1038/sj.ejhg.5201245
http://www.ncbi.nlm.nih.gov/pubmed/27009096
https://dx.doi.org/10.2174/1570162x14666160324124940
http://www.ncbi.nlm.nih.gov/pubmed/30446965
https://dx.doi.org/10.1007/s00415-018-9116-0


WJCC https://www.wjgnet.com 2074 April 26, 2024 Volume 12 Issue 12

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2024 April 26; 12(12): 2074-2078

DOI: 10.12998/wjcc.v12.i12.2074 ISSN 2307-8960 (online)

CASE REPORT

Multiorgan dysfunction syndrome due to high-dose cantharidin 
poisoning: A case report

Wan-Ling Xu, Wen-Jing Tang, Wei-Ying Yang, Li-Chao Sun, Ze-Qun Zhang, Wei Li, Xiu-Xian Zang

Specialty type: Medicine, research 
and experimental

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

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Ghimire R, Nepal

Received: November 27, 2023 
Revised: February 7, 2024 
Accepted: March 28, 2024 
Published online: April 26, 2024

Wan-Ling Xu, Wen-Jing Tang, Wei-Ying Yang, Li-Chao Sun, Wei Li, Xiu-Xian Zang, Department of 
Emergency Medicine, First Hospital of Jilin University, Changchun 130021, Jilin Province, 
China

Ze-Qun Zhang, Department of Chinese Traditional Medicine, First Hospital of Jilin University, 
Changchun 130021, Jilin Province, China

Corresponding author: Xiu-Xian Zang, Doctor, DPhil, Chief Physician, Doctor, Department of 
Emergency Medicine, First Hospital of Jilin University, No. 1 Xinmin Street, Changchun 
130021, Jilin Province, China. zangxx@jlu.edu.cn

Abstract
BACKGROUND 
This report delves into the diagnostic and therapeutic journey undertaken by a 
patient with high-dose cantharidin poisoning and multiorgan dysfunction 
syndrome (MODS). Particular emphasis is placed on the comprehensive elu-
cidation of the clinical manifestations of high-dose cantharidin poisoning, the 
intricate path to diagnosis, and the exploration of potential underlying mecha-
nisms.

CASE SUMMARY 
A patient taking 10 g of cantharidin powder orally subsequently developed 
MODS. The patient was treated with supportive care, fluid hydration and anti-
biotics, and hemoperfusion and hemofiltration therapy for 24 h and successfully 
recovered 8 d after hospital admission. Cantharidin poisoning can cause life-
threatening MODS and is rare clinically. This case underscores the challenge in 
diagnosis and highlights the need for early clinical differentiation to facilitate 
accurate assessment and prompt intervention.

CONCLUSION 
This article has reported and analyzed the clinical data, diagnosis, treatment, and 
prognosis of a case of high-dose cantharidin poisoning resulting in MODS and 
reviewed the relevant literature to improve the clinical understanding of this rare 
condition.

Key Words: Cantharidin; Poisoning; Multiorgan dysfunction syndrome; Clinical treatment 
and management; Case report
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Core Tip: A patient taking 10 g of cantharidin powder orally subsequently developed multiorgan dysfunction syndrome 
(MODS). Cantharidin poisoning can cause life-threatening MODS and is rare clinically. Currently, there is no special 
antidote for cantharidin poisoning. Treatments mostly involve supportive care. Fluid resuscitation is essential. Hemoper-
fusion and hemofiltration can be applied, especially in patients with acute renal failure. Complications such as infectious 
pneumonia should be managed appropriately.

Citation: Xu WL, Tang WJ, Yang WY, Sun LC, Zhang ZQ, Li W, Zang XX. Multiorgan dysfunction syndrome due to high-dose 
cantharidin poisoning: A case report. World J Clin Cases 2024; 12(12): 2074-2078
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2074.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2074

INTRODUCTION
Cantharis is popularly known as the Spanish Fly. It can produce a colorless and odor-free substance, cantharidin, which is 
lipophilic and soluble in acetone, oil, ether, and chloroform but is insoluble in water[1]. Cantharidin is used to treat 
rabies, skin rash, infection, or even cancer[2-4]. It is also thought to act as an aphrodisiac[5]. However, cantharidin is also 
a potent toxin.

Most patients with cantharidin poisoning present clinically with irritative effects, particularly gastrointestinal 
discomfort, genitourinary bleeding, and renal dysfunction, but rarely with concurrent multiorgan system damage[6]. 
Here, we report on a patient with multiorgan dysfunction syndrome (MODS) after cantharidin ingestion. Her in-hospital 
clinical course was complicated by aspiration pneumonia. Finally, she was successfully treated with intravenous fluid 
resuscitation, antibiotics, hemoperfusion, and hemofiltration.

We discuss this case with the purpose of increasing awareness of the severity of cantharidin poisoning as well as 
potential treatment options.

CASE PRESENTATION
Chief complaints
A 36-year-old female presented to our hospital with a productive cough and a burning sensation in the esophagus.

History of present illness
12 h earlier, she ingested 10 g of cantharidin powder after an argument with her family.

History of past illness
She denied any past medical history.

Personal and family history
The patient denied any family history of genetic diseases or tumors.

Physical examination
Her vital signs were temperature 36.6 °C, respiration 27 breaths/min, heart rate 108 beats/min, and blood pressure 110/
53 mmHg. The patient was awake and alert but in acute distress. Her mouth and throat were red and swollen. Lung 
auscultations revealed bilaterally diminished breath sounds and bibasilar crackles. On the first day after hospital 
admission, the patient developed hematuria, with a total of 600 mL of urine output over the next 24 h. On physical 
examination, her temperature was 38.1 °C, respirations 20 breaths/min, heart rate 135 beats/min, blood pressure 90/51 
mmHg, and pulse oximetry 95% on 3 L/min oxygen provided through the nasal cannula. The patient looked lethargic; 
her mouth and throat showed erythema and ulcers, with yellow discharge. Cardiovascular and neurological examin-
ations were unremarkable. On the third day following hospital admission, her vital signs improved to temperature 36.9 
°C, respiration 20 breaths/min, heart rate 106 beats/min, blood pressure 119/84 mmHg, and pulse oximetry 99% on 6 L/
min oxygen through the face mask. Moreover, she was awake and alert. There was improved erythema, swelling, and 
ulcers in the mouth and throat, with little exudate.

Laboratory examinations
Laboratory tests reported a blood white blood cell count of 12.2 × 109/L, neutrophil percentage of 88%, and platelet count 
of 145 × 109/L. Renal function test results were blood urea nitrogen (BUN) 3.8 mmol/L and creatinine 97.1 μmol/L. The 
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blood coagulation panel, hepatic function test, chemistry, and troponin results were with normal limits.
Urinalysis showed occult blood 3+, protein 1+, and a red blood cell count of 58.0 per high power field (HPF). Complete 

blood cell counts included a white blood cell (WBC) count of 30.9 × 109/L and a platelet count of 100 × 109/L.
Blood gas analysis showed pH 7.34, pCO2 29 mmHg, pO2 61 mmHg, lactate 5.8 mmol/L, base excess -8.8 mmol/L, and 

oxygen saturation 89%. Other blood test results were C-reactive protein 151.8 mg/L, aspartate aminotransferase 46.5 U/
L, total protein 55.8 g/L, albumin 28.5 g/L, and procalcitonin 4.1 ng/mL. The coagulation panel was thrombin time 32.6 
s, activated partial thromboplastin time 21 s, prothrombin time 13.9 s, international normalized ratio 1.2, and 
prothrombin activity 67%. Renal function tests showed an increased BUN of 10.4 mmol/L and creatinine 373.1 μmol/L.

On the third day following hospital admission, renal function also improved with BUN 4.6 mmol/L and creatinine 
174.4 μmol/L. Blood tests reported a WBC count of 32.4 × 109 /L, platelet count of 52 × 109/L, B-type natriuretic peptide 
of 2590 pg/mL, myoglobin of 528.6 ng/mL, and troponin of 0.1 ng/mL. Blood gas analysis showed pH 7.48, pCO2 33 
mmHg, pO2 123 mmHg, lactate 1.0 mmol/L, base excess 1.4 mmol/L, and oxygen saturation 99%. However, her hema-
turia persisted with the red blood cell count increasing to 493.2 per HPF in the urinalysis.

On the fourth day following hospital admission, her blood and urine cultures showed negative results, but a sputum 
culture grew Klebsiella pneumoniae.

On the sixth day, her repeat vital signs, blood cell counts, renal function, and lactate levels all returned to within 
normal limits.

Imaging examinations
An abdominal computed tomography (CT) scan showed bilateral perinephric fascia thickening with infiltrative changes, 
generalized fat stranding in the abdominal cavity and retroperitoneal space, a small amount of pelvic fluid, and mild 
subcutaneous exudation in the lower back. A chest CT scan reported bilateral pulmonary infiltrations, opacities in the 
right upper lobe and bilateral lower lobes, and small left pleural effusion. Echocardiography was normal.

FINAL DIAGNOSIS
Acute cantharidin poisoning, MODS.

TREATMENT
On admission the patient was treated with rehydration, antibiotics and 24 h hemoperfusion and hemofiltration. On the 
third day of admission, a 1-unit platelet transfusion and recombinant human thrombopoietin were administered due to 
thrombocytopenia. On the fourth day of admission, meropenem was given for Klebsiella pneumoniae infection based on the 
drug sensitivity result.

OUTCOME AND FOLLOW-UP
She was discharged from hospital on the eighth day after admission. Three months after the hospital discharge, the 
patient was followed up via telephone interview. She reported a complete recovery without any other treatment or 
clinical visit.

DISCUSSION
The Cantharis beetle is commonly known as the Spanish fly or blister beetle (Figure 1). Once stimulated, young Cantharis 
beetles produce cantharidin in the form of a milky white oral fluid, and adult Cantharis secrete cantharidin from their leg 
joints[7]. Depending on the beetle species, 0.2–0.7 mg of cantharidin can be exudated from each beetle. Cantharidin has 
the chemical formula 3, 6-epoxy-1, 2-dimethylcyclohexane-1, 2-dicarboxylic anhydride[8]. It can cause injury to various 
organ systems.

The immediate effect of cantharidin is its direct chemical irritation. After direct contact with the human body, can-
tharidin can stimulate mucosal membranes and cause skin blisters[9]. Once in the bloodstream, cantharidin can bind to 
albumin, which is then excreted from the renal glomeruli to induce glomerular damage and acute tubular necrosis[10]. In 
the cells, cantharidin can bind and inhibit protein phosphatase types 1 and 2A, which cause cell cycle arrest at the G2/M 
phase[11,12]. In addition, cantharidin can suppress protein expression in the endoplasmic reticulum stress pathway, 
leading to cell autophagy and apoptosis[13].

Clinically, patients with cantharidin poisoning can present with various symptoms[14,15]. The Direct chemical 
irritation can result in mouth and oropharynx burning, blisters, and ulceration, as well as abdominal discomfort, 
cramping, nausea, vomiting, and even hematemesis. Renal glomerular damage and tubular necrosis can present as acute 
renal failure and hematuria. In addition, patients can suffer cardiovascular (sinus bradycardia, junctional escape rhythm, 
and hypotension); neurological (seizure, dizziness, headache, altered mental status, and hallucinations); and hemato-
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Figure 1 Cantharis beetles. The cantharis beetle is commonly known as the Spanish fly or blister beetle.

logical (thrombocytopenia, polycythemia) system complaints[16-18].
Postmortem autopsy examinations reveal that the gastrointestinal tract and kidneys are most frequently affected[15]. 

Gastrointestinal tract effects include esophageal mucosal congestion, swelling, ulceration, gastrointestinal mucosal 
congestion, hemorrhage, focal superficial erosion, and acute splenitis. Renal pelvis and ureter effects include diffuse 
petechial hemorrhage. Microscopically, Bowman’s capsules and basement membranes become edematous, causing 
glomerular capillary constriction. The sloughed epithelial cells accumulated in the Bowman’s capsules, together with the 
cellular debris and edematous basement membranes, to finally lead to luminal occlusion. Pulmonary involvement may 
include bronchopneumonia and subpleural hemorrhage[19]. Deaths from cantharidin poisoning due to cerebral edema, 
meningeal petechiae, and cerebral petechiae have also been reported[17,20].

Most patients start to show clinical symptoms within 2–4 h after cantharidin ingestion[14]. Our patient presented to 
hospital 12 h after intentional ingestion of 10 g of cantharidin powder. In the next 24 h, she started to develop symptoms 
of multiorgan damage, including hematuria, decreased urinary output, acute renal failure, thrombocytopenia, respiratory 
distress, hypotension, and lethargy.

Currently, there is no special antidote for cantharidin poisoning. Treatments mostly involve supportive care. Fluid 
resuscitation is essential. Antibiotics are administered following signs of pneumonia. Considering that hemodialysis 
cannot effectively remove cantharidin, since it binds to albumin in the circulation and has poor solubility in water, we 
attempted hemoperfusion and hemofiltration to remove cantharidin, inflammatory cytokines, and metabolic products, as 
well as to correct the electrolyte and acid-base disturbances. In addition, we initiated enteric nutrition to avoid the 
absorption of lipid-soluble cantharidin through the gastrointestinal tract.

CONCLUSION
Cantharidin poisoning can cause life-threatening MODS. Hence, prompt supportive care should be initiated. Hemoper-
fusion and hemofiltration can be applied, especially in patients with acute renal failure. Complications such as infectious 
pneumonia should be managed appropriately.
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Abstract
BACKGROUND 
Infections by non-tuberculous mycobacteria (NTM) have become more common 
in recent years. Mycobacterium canariasense (M. canariasense) was first reported as 
an opportunistic pathogen in 2004, but there have been very few case reports since 
then. Nocardia is a genus of aerobic and Gram-positive bacilli, and these species 
are also opportunistic pathogens and in the Mycobacteriales order. Conventional 
methods for diagnosis of NTM are inefficient. Metagenomic next-generation se-
quencing (mNGS) can rapidly detect many pathogenic microorganisms, even rare 
species. Most NTM and Nocardia infections occur in immunocompromised pa-
tients with atypical clinical symptoms. There are no previous reports of infection 
by M. canariasense and Nocardia farcinica (N. farcinica), especially in immunocom-
petent patients. This case report describes an immunocompetent 52-year-old wo-
man who had overlapping infections of M. canariasense, N. farcinica, and Candida 
parapsilosis (C. parapsilosis) based on mNGS.

CASE SUMMARY 
A 52-year-old woman presented with a productive cough and chest pain for 2 wk, 
and recurrent episodes of moderate-grade fever for 1 wk. She received antibiotics 
for 1 wk at a local hospital, and experienced defervescence, but the productive 
cough and chest pain persisted. We collected samples of a lung lesion and alveo-
lar lavage fluid for mNGS. The lung tissue was positive for M. canariasense, N. far-
cinica, and C. parapsilosis, and the alveolar lavage fluid was positive for M. canari-
asense. The diagnosis was pneumonia, and application of appropriate antibiotic 
therapy cured the patient.

CONCLUSION 
Etiological diagnosis is critical for patients with infectious diseases. mNGS can 
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identify rare and novel pathogens, and does not require a priori knowledge.

Key Words: Overlapping infection; Mycobacterium canariasense; Nocardia farcinica; Metagenomic next-generation 
sequencing technology; Case report
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Core Tip: Non-tuberculous mycobacteria (NTM) and Nocardia are opportunistic pathogens that can occur in immunocom-
promised patients who present with atypical clinical symptoms. Mycobacterium canariasense (M. canariasense) is a rare 
NTM species was first identified 20 years ago. We describe a patient with multiple lung nodules of unequal size with uneven 
internal density, and multiple small burrs at the edges of these lung lesions. The pathology results were inconsistent with 
malignancy, and metagenomic next-generation sequencing indicated overlapping infections of M. canariasense, Nocardia 
farcinica, and Candida parapsilosis. The anti-infective treatment was successful.

Citation: Huang HY, Bu KP, Liu JW, Wei J. Overlapping infections of Mycobacterium canariasense and Nocardia farcinica in an 
immunocompetent patient: A case report. World J Clin Cases 2024; 12(12): 2079-2085
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2079.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2079

INTRODUCTION
The non-tuberculous mycobacteria (NTM), also referred to as environmental mycobacteria, atypical mycobacteria, or 
anonymous mycobacteria, are ubiquitous species and potential causes of infectious diseases. Based on their growth 
characteristics determined from subculturing, the NTM are classified as rapidly growing mycobacteria (RGM; mature 
colonies in less than 7 d) or slowly growing mycobacteria (mature colonies in more than 7 d)[1]. Several RGM species 
have been identified as etiologic agents of bacteremia, especially in patients with low immunity, such as those with 
human immunodefciency virus (HIV) infections or malignant tumors. Mycobacterium canariasense (M. canariasense) is a 
rare species of RGM that is closely related to M. diernhofer[2,3], but has never been described separately in immunocom-
petent persons.

The genus Nocardia is also in the order Mycobacteriales, and includes at least 50 species that are aerobic Gram-positive 
bacilli which can invade the lungs, skin, or central nervous system, especially in immunocompromised persons. The sym-
ptoms of patients with Nocardia infections are often nonspecific, and include chronic cough, low-grade fever, fatigue and 
weight loss[4].

It can be difficult to diagnose infections by Mycobacterium and Nocardia from the conventional culture tests used in 
clinical practice, and delayed diagnosis may have serious adverse consequences. The rapid and efficient identification of 
the pathogen responsible for an infectious disease is a prerequisite for the effective treatment of these patients. Meta-
genomic next-generation sequencing (mNGS) does not require traditional microbial culture, and instead directly provides 
high-throughput sequencing of nucleic acids in clinical samples, which are then compared with a database. This method 
can rapidly and objectively detect many pathogenic microorganisms (including viruses, bacteria, fungi, and parasites) in 
clinical samples without the need for specific amplification, and is especially suitable for the diagnosis of acute and 
critical diseases and difficult infections. In this paper, we describe the use of mNGS to detect the rare co-occurrence of M. 
canariasense and Nocardia farcinica (N. farcinica) in an immunocompetent adult. This identification allowed administration 
of an effective treatment and led to patient cure.

CASE PRESENTATION
Chief complaints
A 52-year-old woman from Guangxi Zhuang Autonomous Region presented with productive cough and chest pain for 2 
wk and recurrent episodes of moderate-grade fever for 1 wk.

History of present illness
The patient experienced a relapse of productive cough, persistent chest pain, and moderate-grade fever, but there were 
no chills, shivering, hemoptysis, or weight loss. She was diagnosed with pneumonia and treated with cefuroxime sodium 
(0.75 g/8 h) and levofloxacin (0.5 g/d) at a local hospital for 1 wk and experienced defervescence. However, the cough 
and chest pain persisted, and this affected her ability to work and study. The patient presented to another outpatient 
clinic for persistent cough and chest pain, with the possibility of malignancy unable to be excluded. Consequently, she 
presented at our hospital for further diagnosis and treatment.

https://www.wjgnet.com/2307-8960/full/v12/i12/2079.htm
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History of past illness
This case had no specific history of past illness.

Personal and family history
The patient had a history of exposure to sheep feces 1 wk before symptom onset. She had no history of using steroids or 
other medications, no smoking, no tuberculosis, no malignant tumors or immunosuppressive diseases, and was unaware 
of any contact with persons with mycobacterial infections. She also reported no relevant family history.

Physical examination
No abnormalities were detected in the physical examination.

Laboratory examinations
Laboratory studies revealed leukocytosis, an elevated level of high-sensitivity C-reactive protein, and a high erythrocyte 
sedimentation rate (Table 1). After 5 d, multiple sets of blood and sputum cultures revealed no growth of bacteria or 
fungi. The culture of bacteria and fungi in bronchoalveolar lavage fluid (BALF), and acid-fast staining were also negative. 
An immunologic workup, which included HIV testing, was conducted based on suspicion of immunodeficiency, but all 
of the results were negative. Examination of autoantibodies and tumor markers also revealed no abnormalities. BALF and 
pulmonary nodular samples were subsequently sent for mNGS for the rapid identification of the causative pathogen(s). 
Sequencing results were compared with the sequences of bacteria in Gen Bank, and those with 100% agreement were 
accepted. Three days later, the pathogenic microbes in the nodular specimen were identified as N. farcinica, M. canari-
asense, and Candida parapsilosis (C. parapsilosis) (326 sequences), although the BALF only showed M. canariasense (Table 2).

Imaging examinations
A chest computed tomography (CT) scan showed multiple nodules of unequal size with uneven internal density, and 
multiple small burrs at the edges of the lesions, suggesting the infection of both lungs, but not excluding the possibility of 
a tumor (Figure 1A). A pulmonary nodular biopsy was performed, and the results indicated no malignancy, but there 
was evidence of non-necrotizing granulomatous inflammation (Figure 1B) and a yeast-like corpuscle in the alveolar 
cavity (Figure 1C). These findings are consistent with fungal infection.

FINAL DIAGNOSIS
The patient had a history of cough and chest pain, but anti-infection treatment at a local hospital led to no significant 
resolution of these symptoms. As an inpatient at our hospital, a CT examination showed nodular lesions of the lungs, but 
did not exclude malignant tumor. However, the results from puncture biopsy of the injured part of the lung and pa-
thological examination were inconsistent with malignant tumor. Thus, combined with the mNGS results, the diagnosis in 
this patient was pneumonia due to overlapping infection by M. canariasense, N. farcinica and C. parapsilosis.

TREATMENT
Upon admission and during the evaluation period, empirical intravenous treatment consisted of broad-spectrum an-
tibiotic agents [piperacillin sodium/sulbactam sodium (3 g/12 h) and voriconazole (250 mg/12 h)]. These antibiotics 
were maintained because they led to significant relief of the patient’s clinical manifestations, including cough, sputum 
production, chest pain, and fever.

OUTCOME AND FOLLOW-UP
After 2-wk of antibiotic treatment, CT reexamination showed that the pulmonary nodules were significantly reduced 
(Figure 1D). The mNGS also detected a sequence of C. parapsilosis, and pathological staining revealed a yeast-like cor-
puscle in the alveolar cavity. Thus, oral voriconazole was administered at home for 3 months. An outpatient CT scan that 
was performed 1 month after the onset of antibiotic treatment showed that the pulmonary lesions had obviously dis-
appeared (Figure 1E). On follow up, all the clinical symptoms had disappeared. There was also complete regression of the 
pulmonary consolidation after 3 months, based on a CT examination at a local hospital.

DISCUSSION
RGM are ubiquitous in the environment and commonly occur in water and soil. M. canariasense was described for the first 
time as the cause of a nosocomial infection in 17 patients during the period of January 2000 to September 2002 at a tertiary 
care hospital in the Canary Islands (Spain). This previous study reported that 15 of 17 patients had malignant diseases, 
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Table 1 Laboratory test results of blood samples collected at three times

Antibiotic treatment
Variable Reference range On admission

After 2-wk After 1-month

Leukocytes (× 109/L) 3.69-9.16 10.34 5.23 7.12

Hemoglobins (g/L) 113-151 130 130 123

Platelets (× 109/L) 100-300 439 286 100

Neutrophiles (× 109/L) 2-7.7 8.49 3.17 5.2

Lymphocytes (× 109/L) 0.8-4 1.39 1.53 1.4

Monocytes (× 109/L) 0.12-0.8 0.4 0.39 0.38

ESR (mm/H) 0-20 92.8 41.4 26.5

hs-CRP (mg/L) 0-3 32.48 0.92 0.51

ESR: Erythrocyte sedimentation rate; hs-CRP: Highly sensitive C-reactive protein.

Table 2 Pathogenic microorganisms identified by metagenomic next-generation sequencing technology

Genus Species
Specimen

Name Sequence 
number

Relative 
abundance Name Sequence 

number
Cover 
degree

Nodular Nocardia 1006 0.02% Nocardia farcinica 393 18.87%

Nodular Mycobacterium 9501 0.72% Mycobacterium canari-
asense

3630 6.89%

Nodular Candida 327 2.44% Candida parapsilosis 326 0.23%

Bronchoalveolar lavage 
fluid

Mycobacterium 2260 42.34% Mycobacterium canari-
asense

2020 1.75%

and all of them had central venous catheters (CVCs) at the time of diagnosis[3]. Subsequent reports identified this species 
from clinical specimens, including blood, and domestic water samples[5,6]. All previously reported cases presented with 
malignant diseases, especially hematologic malignancies, and most of them had a history of CVC. To our knowledge, 
there has been no previous report of infection by M. canariasense in an immunocompetent patient. A retrospective review 
showed M. canariasense was considered the etiologic agent of bacteremia in 12 of 17 cases[2]. de Miguel-Martinez et al[7] 
also reported M. canariasense in an oncohematological patient who had a long-term central device. In general, M. canari-
asense is a NTM that is only rarely pathogenic. In Türkiye, 90 NTM strains obtained from four different centers only iden-
tified 3 cases with M. canariasense[8]. A Japanese tertiary care center studied 5 patients with bloodstream infections due to 
RGM (4 with M. mucogenicum and 1 with M. canariasense) during a 5-month period. Another study showed that a blood 
isolate of M. canariasense from patient matched an isolate collected from a toilet in a 4-bed room[9]. Sun et al[10] found 
that the most commonly encountered NTM in China were Mycobacterium intracellulare, Mycobacterium abscessus, Mycobac-
terium kansasii, Mycobacterium avium and Mycobacterium fortuitum, and did not report M. canariasense. The symptoms of 
NTM infections are often nonspecific (chronic cough, low-grade fever, fatigue, and weight loss), but hemoptysis and chest 
pain are rare[4]. However, our patient had symptoms of chest pain, and we identified M. canariasense by mMGS of pul-
monary nodules and BALF. We believe the chest pain may have been caused by the proximity of the lesion to the pleura.

Nocardia is ubiquitous in the environment and occurs worldwide as a saprophytic component in fresh water, saltwater, 
soil, dust, decaying vegetation, and decaying fecal deposits[11]. It is a Gram-positive bacillus, and has branching hyphae 
that are visible by microscopy. Nocardia infections are usually opportunistic and occur in immunocompromised hosts; 
infected immunocompetent patients usually develop localized cutaneous lesions. However, Beaman et al[12] found that 
38 of 253 infected patients had none of predisposing factors contributing to opportunistic Nocardia infection. N. farcinica is 
related to Nocardia asteroides, accounts for 6.31% of Nocardia infections in China, mainly occurs in Gansu Province, and is 
considered the most virulent species of Nocardia[13]. Most Nocardia infections are pulmonary, and are usually attributed 
to inhalation of airborne spores or mycelial fragments from the environment. Dry, dusty, and windy conditions may fa-
cilitate the aerosolization and dispersal of fragmented Nocardia cells[14]. The conditions in China's Gansu Province are 
typically dry, dusty, and windy, consistent with the regional distribution of Nocardia in China. In contrast, our patient 
was from a wet, rainy area in southwestern China. However, our patient reported a history of exposure to sheep feces 1 
wk before the onset of symptoms. This is consistent with previous reports which found Nocardia in decaying fecal depo-
sits.
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Figure 1 Changes of chest computed tomography findings and histopathology results. A: Scan at admission, revealing multiple nodules of unequal 
size with uneven internal density and multiple small burrs at the edges of the lesions; B: Pathology of pulmonary nodules, suggesting inflammation and granuloma 
formation; C: Pathology of pulmonary nodules, revealing a yeast-like corpuscle in the alveolar cavity; D: Scan after 2 wk of antibiotic treatment, showing the nodules 
were significantly reduced; E: Scan after 1 month of antibiotic treatment, showing the pulmonary lesions had obviously disappeared.

Identification of the etiology of an infectious disease plays an essential role in treatment of the patient, and laboratory 
culture is the traditional method for species identification. However, most patients with infections receive antibiotic 
treatment before sample collection, and this decreases the number of microbes and the sensitivity of culture. The mNGS 
technique is an unbiased method that can theoretically detect all kinds of pathogens, and is especially suitable for difficult 
and atypical infectious. Its main benefits are high sensitivity and rapid detection, and the results are less affected by prior 
use of antibiotics[15,16]. mNGS has a sensitivity rate that is approximately 15% higher than laboratory culture[16]. Less 
than 1% of the microorganisms identified by microscopy can be cultivated and characterized[17]. Our patient’s negative 
culture results from blood, sputamentum, and BALF specimens may be due to the prior use of antibiotics. On the other 
hand, some research suggests that cultures of isolates from patients with suspected Nocardia infections should be held in 
the clinical microbiology laboratory for at least 2 wk for examination. We only monitored the culture results for 5 d, and 
this could be a reason for the negative results.

M. canariasense is a rare species of RGM that can be grown on Lowenstein-Jensen medium after about 4 d of culture at 
37 °C, and is susceptible to most antibiotics[18]. Thus, antibiotic administration prior to specimen acquisition may be the 
main reason for our negative culture results. A limitation in China is that patients must pay for mNGS testing. Thus, for 
economic reason, our patient did not receive mGNS testing of blood and fecal samples.

Previous susceptibility testing of M. canariasense showed it was highly susceptible to amikacin, cefoxitin, ciprofloxacin, 
moxifloxacin, trimethoprim sulfamethoxazole, imipenem, doxycycline, minocycline, and linezolid, but only had inter-
mediate susceptibility to clarithromycin[18]. The antibiotics previously used against N. farcinica include linezolid, ami-
kacin, imipenem, and fluoroquinolone, and antimicrobial susceptibility testing demonstrated 100% susceptibility to line-
zolid[18-20]. A previous study described a patient who received sulphamethoxazole with linezolid and meropenem for 
nocardiosis, and subsequently recovered from clinical symptoms[18,21]. Other research in which all patients infected 
with M. canariasense received parenteral antibiotic therapy for 5-21 d showed that therapy guided by in vitro susceptibility 
testing did not improve patient outcome[2,18]. The 2020 NTM Guidelines proposed initiation of treatment (rather than 
watchful waiting) for patients who meet the diagnostic criteria for NTM pulmonary disease, but these guidelines do not 
mention the treatment of infections by M. canariasense[22]. Given the lack of high-quality evidence, the ideal treatment 
strategy for infection by this species remains unclear. Although we did not perform sensitivity testing, our anti-infective 
regimen showed high efficacy.

CONCLUSION
In summary, this is the first report of a patient who had overlapping infections of M. canariasense and N. farcinica. In-
fections by either of these pathogens are generally rare in immunocompetent hosts. The presence of lung nodules that are 
partially leafy and have burrs may lead to a misdiagnosis of lung cancer. We highlight the importance of identifying the 
causative pathogen by use of mNGS, a powerful tool for the detection of mixed infections, especially in patients with 
atypical symptoms who are infected by rare pathogens. The results from mNGS, combined with analysis of a patient 
underlying clinical status and laboratory indicators, provide clinicians with a more complete characterization of a disease 
and the causative pathogen. This case report also confirmed the potential role of M. canariasense and N. farcinica as 
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opportunistic pathogens. It is important to note that due to the rarity of overlapping infections by M. canariasense and 
another pathogen, empirical antibiotic treatment without mNGS results may not be adequate.
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Abstract
BACKGROUND 
Venous variations are uncommon and usually hard to identify, and basilic vein 
variation is particularly rare. Basilic vein variation usually presents without any 
clinical symptoms and is often regarded as a benign alteration. This case was a 
patient with congenital basilic vein variation encountered during surgery for an 
infusion port.

CASE SUMMARY 
We documented and analyzed an uncommon anatomical variation in the basilic 
vein encountered during arm port insertion. This peculiarity has hitherto re-
mained undescribed in the literature. We offer remedial strategies for addressing 
this anomaly in the future and precautionary measures to circumvent its occur-
rence. We conducted a comprehensive review of analogous cases in the literature, 
offering pertinent therapeutic recommendations and solutions, with the aim of 
enhancing the efficacy and safety of future arm port implantations.

CONCLUSION 
Venous variation is rare and requires detailed intraoperative and postoperative 
examination to ensure accuracy, so as not to affect subsequent treatment.

Key Words: Totally implantable venous access ports; Arm ports; Venous variation; Post-
operative breast cancer; Systematic review; Case report
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Core Tip: Venous variation refers to structural malformations caused by abnormal development of venous vessels. At 
present, the etiology is still unknown. In the process of implanting the arm port for a tumor postoperative patient, we found 
and reported a case of successful treatment of basilic vein variation encountered during the operation, which can provide a 
reference for such cases in the future.

Citation: Hu CD, Lv R, Zhao YX, Zhang MH, Zeng HD, Mao YW. Basilic vein variation encountered during surgery for arm vein 
port: A case report. World J Clin Cases 2024; 12(12): 2086-2091
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2086.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2086

INTRODUCTION
Breast cancer is one of the most common tumors afflicting women, and chemotherapy is an essential method of treat-
ment. Totally implantable venous access ports are the preferred method for chemotherapy infusion in breast cancer pa-
tients[1]. In recent years, a large amount of clinical data has shown that compared with chest ports, arm ports are more 
suitable for breast tumors and patients with long-term infusion[2,3]. The main reasons are as follows. The infusion port 
catheter enters through peripheral blood vessels, which can avoid the risk of pneumothorax, hemothorax, and pinch-off 
syndrome caused by puncture catheterization[4]. Arm infusion ports have a short subcutaneous tunnel when implanted, 
and infusion and blood transfusion obstacles are significantly lower than chest infusion ports. Arm infusion ports are a 
better choice for breast cancer radiotherapy, chest radiography, neck and upper chest recurrence with pectoralis major 
muscle flap tumors, radiation dermatitis, or patients with impaired respiratory function[5].

The basilic vein is one of the superficial veins of the upper limb, on the ulnar side of the forearm. After receiving blood 
from the ulnar side, it gradually turns from the back of the hand to the flexor side of the forearm. It receives blood from 
the median cubital vein in the elbow fossa and travels up along the inside of the biceps brachii muscle. It penetrates 
through the fascia propria at about the midpoint of the upper arm and connects to the brachial vein or accompanies it to 
the axillary vein. The basilic vein has characteristics such as a straight course, few valves, gradually thickening lumen, 
and easy external touch[6]. However, arm venous access still poses some specific challenges, because the arm venous rou-
te has a longer implantation distance. When the guidewire is inserted into the venous circulation if the basilic vein has 
variant branches[7], it can cause the guidewire to jam during insertion, and if it is forcibly withdrawn at this time and the 
guidewire tip is of poor quality, it may cause the head end of the guidewire to be embedded, which often has no obvious 
symptoms and requires postoperative X-ray imaging for detection. All the surgical procedures described in this case 
report were performed in accordance with the relevant literature and guidelines. The purpose of this report is to describe 
a rare case and review the relevant literature.

CASE PRESENTATION
Chief complaints
After the right breast cancer surgery, the arm port is required to be placed for further chemotherapy.

History of present illness
The patient had previously undergone surgery to confirm right-sided breast cancer (T2N0M0), and postoperative pa-
thology indicated a tumor size of 2.5 × 2.2 × 1.3 cm, and right axillary sentinel lymph node without cancer metastasis (0/
6); immunohistochemistry indicated estrogen receptor (-); progesterone receptor (-); human epidermal growth factor 
receptor Her-2 (0); and Ki-67 (5%+). The patient recovered well after surgery and was admitted on July 12, 2022, for left 
arm infusion port implantation surgery. The puncture process encountered an obstruction, but later everything went 
smoothly, with an intracorporeal catheter length of 41 cm. The patient did not complain of any obvious discomfort after 
surgery.

History of past illness
The patient had undergone a modified radical mastectomy with sentinel lymph node biopsy for right-sided breast cancer, 
and had no other significant past medical history.

Personal and family history
The patient had no previous history of venous variation or personal and family history of cancer, no smoking or alcohol 
consumption, no special medication or exposure to toxic substances.

Physical examination
The patient had no right breast, and a surgical scar about 15 cm long was seen on the right chest wall; no obvious mass or 
abnormality was seen on the left breast.

https://www.wjgnet.com/2307-8960/full/v12/i12/2086.htm
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Laboratory examinations
The laboratory tests for blood, urine, stool, coagulation function, infectious diseases, etc. were all normal.

Imaging examinations
Postoperative X-ray showed that the end of the patient’s peripherally inserted central catheter was located on the right 
side of the T7 intervertebral foramen (Figure 1A), and an abnormal guidewire about 1.8 cm long was seen on the upper 
part of the left elbow (Figure 1B).

FINAL DIAGNOSIS
After the operation, imaging showed a branch of the left upper limb basilic vein, suggesting a congenital venous variation 
(Figure 1B).

TREATMENT
The patient underwent emergency removal of a foreign body from the left upper arm. Before the operation, a C-arm 
machine was used to locate the foreign body in the left upper arm and a transverse surgical incision was made. The 
foreign body was freed to the location position, and a guidewire about 1.8 cm long was seen during exploration 
(Figure 2). The guidewire was completely removed, which was confirmed by radiography.

OUTCOME AND FOLLOW-UP
The patient was considered to have basilic vein variation, and the guidewire entered the variant branch of the basilic vein 
during arm port insertion. Fortunately, postoperative X-ray detected it in time and handled it properly. During sub-
sequent adjuvant chemotherapy, the arm port continued to function normally, all indicators were normal during regular 
examinations, and the patient did not have any obvious discomfort. After completing eight cycles of chemotherapy, the 
patient successfully underwent surgery under local anesthesia on February 8, 2023, and the arm port was removed 
(Figure 3A and B). She did not feel any discomfort during the subsequent follow-up period.

DISCUSSION
Breast cancer has become the most common malignant tumor among women worldwide, and its incidence is increasing 
annually. The current treatment mainly includes multidisciplinary methods such as surgery, radiotherapy, neoadjuvant 
therapy, and adjuvant therapy[8]. For patients who need chemotherapy, traditional totally implantable vascular access 
devices are installed in the chest wall, through subclavian or internal jugular vein implantation. However, as an al-
ternative to chest ports, arm ports have become more widespread, and they have advantages such as reducing the 
incidence of related complications and improving patient satisfaction compared with traditional chest ports. Especially 
for female breast cancer patients, the breast is the most important secondary sexual characteristic and aesthetic organ. 
Patients with arm ports have no extra scars on their chest, and during the placement and subsequent chemotherapy 
process, patients do not need to expose their chest to easily install or access the port, which has cosmetic and psycho-
logical benefits[5]. Moreover, arm ports are easy to use, do not require frequent maintenance, and can significantly im-
prove quality of life[9].

Our patient chose an arm port after consideration. Before arm port implantation, we signed relevant informed consent 
forms with the patient, understood the patient’s past history and drug allergy history, asked the patient to undergo blood 
routine and electrocardiographic examination, measured biochemical indicators and coagulation function, etc., and 
checked the skin condition of the implantation site. Finally, according to the location of breast cancer, we chose the basilic 
vein on the left (healthy) side as the infusion port catheter entry route. The patient was placed on the operating table in a 
supine position, and the target arm was kept perpendicular to the body[10]. We checked the patient’s vascular condition 
under ultrasound guidance, and the basilic vein looked normal. We marked the pre-puncture point and pouch site and 
disinfected the entire arm three times. A sterile towel was placed under the punctured side limb, and the operator wore 
sterile clothing and gloves. The Surgical drape was spread around the puncture point to maximize the sterile area. After 
preparation, the vascular ultrasound probe was coated with a coupling agent and wrapped in a sterile ultrasound pro-
tective sleeve. The upper arm was tied with a tourniquet, and the coupling agent was applied again. The vascular 
condition was re-examined. According to the depth of the vessel, as shown under ultrasound guidance, local anesthesia 
(lidocaine 1%) was performed at the desired puncture point. A guidewire needle holder was selected, and blood return 
was seen after the puncture. During guidewire insertion, the head end encountered resistance, and when it was pulled 
back, it became stuck and could not be pulled back smoothly. We adjusted the guidewire needle holder position and 
pulled back the guidewire again. The guidewire came out of the blood vessel under strong resistance. At that time, The 
head end of the guidewire got stuck in the variant branch of the basilic vein. However, due to the strong stretchability of 
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Figure 1 X-ray imaging results. A: The postoperative X-ray images indicated that the peripherally inserted central catheter was positioned correctly at the T7 
cone space level on the right side; B: The postoperative X-ray images revealed that an unusual guide wire measuring around 1.8 cm in length was detectable above 
the left elbow.

Figure 2 Abnormal guidewire about 1.8 cm long after removal.

Figure 3 The patient underwent successful surgery under local anesthesia, and the arm infusion port was removed. A: Process of extracting 
the arm port; B: Its appearance post-extraction.

the head end, when it was pulled out, the length of the guidewire appeared to be the same as its original length. We 
inserted the guidewire along the needle holder again, and this time the guidewire was inserted smoothly without any 
resistance. All subsequent operation procedures were in accordance with relevant literature and guidelines.

We routinely performed chest X-rays after surgery, to confirm the position of the catheter. The ideal position of the 
catheter should be at the T5-7 level[5]. The catheter was located at the right side of the T7 intervertebral foramen level, 
which met the placement requirements. According to the chest X-ray, we could see an abnormal guidewire about 1.8 cm 
long on the upper part of the left elbow (Figure 1). We immediately consulted a hand microsurgeon, who performed 
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Figure 4 Guidewire removed, about 1.8 cm long, with a bent head end.

emergency removal of the foreign body from the left upper arm. The hand microsurgery procedure involved making a 
transverse incision of approximately 7 cm in length, according to the preoperative positioning of the C-arm machine. The 
incision was made through the skin and subcutaneous tissue, and the flap was then freed up to the C-arm machine 
positioning position. During the procedure, an abnormal guidewire measuring approximately 1.8 cm was discovered and 
explored (Figure 2). After removing the guidewire (Figure 4), another radiograph was taken to confirm its complete 
removal, and hemostasis was performed on the wound surface, and the subcutaneous tissue and skin were sutured layer 
by layer. During the operation, no adjustment was made that affected the infusion catheter position and the patient also 
underwent adjuvant chemotherapy as planned. The chemotherapy side effects were not significantly different from those 
in other arm port patients. The possible reason was that the basilic vein variation occurred at a place that did not affect 
the normal infusion catheter position, and there was no obvious impact on the absorption, distribution, metabolism, and 
excretion of drugs in the subsequent period. No common intraoperative complications such as air embolism or arterial 
injury, occurred during surgery. There was no skin soft tissue damage, catheter-related infection, catheter-related 
thrombosis, or other common postoperative complications. During the subsequent adjuvant chemotherapy period, the 
arm port continued to function normally, all indicators were normal during regular examinations, and the patient did not 
have any obvious discomfort. After completing eight cycles of chemotherapy, the patient successfully underwent arm 
port removal under local anesthesia on February 8, 2023. All indicators were normal during regular re-examination. 
Subsequent intermittent follow-ups showed that health status and quality of life improved significantly.

We conducted a literature search on PubMed, Web of Science and China National Knowledge Infrastructure (CNKI), 
and retrieved all studies published before July 2022. In many clinical case reports, the venous variations encountered had 
an impact on diagnosis and treatment, and the problems encountered during the treatment process, such as the impact of 
central venous anatomical variation on venous access, etc[11]. However, regarding basilic vein a variation, only one case 
was found in CNKI. The patient was an adult male, and variation of the left basilic vein was found during dissection. The 
report and discovery of this case had some significance for our operation[12].

CONCLUSION
Many studies have shown that an arm port is a feasible long-term chemotherapy option, with a high level of patient 
satisfaction and minimal negative impact on quality of life. These findings are important for the treatment of breast 
cancer, because long-term chemotherapy may have a negative impact on quality of life. The use of arm catheters can 
reduce pain and discomfort for patients, and improve patient satisfaction, thereby improving treatment outcomes[13]. 
This case report has some implications for breast cancer patients who are undergoing arm port implantation. Before 
clinical arm port implantation, a vascular ultrasound must be performed to confirm whether there is any abnormality in 
the basilic vein, whether the blood vessels have sufficient volume and whether they meet the relevant implantation con-
ditions. Ensuring a safe vascular passage is crucial for whether the port can be successfully implanted. At the same time, 
it is recommended that a chest X-ray should also be taken after surgery to confirm whether the head end of the catheter is 
at the T5–T7 level and whether there is any residual abnormal guidewire caused by basilic vein variation at the arm port 
site. This rare case report aims to reduce the occurrence of postoperative complications in arm port patients, improve the 
safety of subsequent adjuvant chemotherapy, and achieve a safer, lower-risk, and less complicated chemotherapy pro-
cess.
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Abstract
BACKGROUND 
This study aimed to explore the relationship between gene mutations and early 
embryonic development arrest and to provide more possibilities for the diagnosis 
and treatment of repeated implantation failure.

CASE SUMMARY 
Here, we collected and described the clinical data of a patient with early em-
bryonic development stagnation after repeated in vitro fertilization attempts for 
primary infertility at the Department Reproductive Center of Zaozhuang 
Maternal and Child Healthcare Hospital. We also detected the whole-exon gene of 
the patient's spouse and parents, and conducted bioinformatics analysis to 
determine the pathogenesis of the gene.

CONCLUSION 
A novel mutant of the TUBB8 gene [c.602G>T(p.C201F)] was identified, and this 
mutant provided new data on the genotype-phenotype relationships of related 
diseases.

Key Words: Genes; Mutation; Embryonic development; Fertilization in vitro; Intra-
cytoplasmic sperm injection; Case report

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

Core Tip: A clinical case (28 years old) in which a new mutation in the TUBB8 gene 
caused repeated arrest of early embryonic development to expand our understanding of 
the genetic basis of female infertility and lay the groundwork for future genetic 
counseling.
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INTRODUCTION
With the development of assisted reproductive technology, an increasing number of couples are conceiving through in 
vitro fertilization (IVF) embryo transfer. However, there are still some couples who are unable to conceive successfully[1]. 
The normal progression of meiosis and mitosis is one of the basic conditions for oocyte maturation and early embryo 
development. In the process of cell division, homologous chromosomes are symmetrically arranged through the 
microtubule organizing center, and the chromosomes divide to form the next stage of cells under the traction of bipolar 
spindles. Spindle assembly and chromosome separation are inseparable from the basic role of tubulin, and TUBB8 is a 
special subtype of tubulin that plays an important role in human oocytes and early embryonic cells[2,3]. Previous studies 
have shown that mutation of the TUBB8 gene leads to disorders of oocyte maturation, fertilization and early embryo 
development stagnation[4,5]. This paper reports a clinical case in which a novel mutation in the TUBB8 gene led to 
repeated early embryonic development arrest. This finding expands our understanding of the genetic basis of female 
infertility and lays the foundation for future genetic counseling.

CASE PRESENTATION
Chief complaints
A 2-year history of primary infertility after marriage.

History of present illness
The patient was a 28-year-old female with a 2-year history of primary infertility after marriage. Her menstrual history 
was as follows: menarche at age 14, a cycle of 7/-30 days, normal volume and color of menstrual blood, and no dysmen-
orrhea. The male partner was 26 years old. Results of the routine semen analysis were normal (sperm concentration 34.7 × 
106; percentage of progressive motility 64.6%; sperm DNA fragmentation index: 14.38%) according to World Health 
Organization 5th Edition criteria.

History of past illness
In 2019, the patient underwent hysteroscopy and hysteroscopic endometrial polypectomy at another hospital due to 
abnormal echoes in the uterine cavity, and pathological examination of the uterine specimen indicated the presence of 
endometrial polyps.

Personal and family history
The patient had no pertinent personal or family history. Both partners had no bad living habits or hobbies, and were not 
engaged in work related to reproductive toxicity.

Physical examination
The patient had a negative vulva, a normal uterus, and a negative bilateral adnexal area. Her body mass index was 21.23 
kg/m2.

Laboratory examinations
The concentration of anti-Mullerian hormone (AMH) was 2.634 ng/mL (1 ng/mL = 7.14 pmol/L). There were no obvious 
abnormalities in basic hormone levels or thyroid function. The patient’s karyotype was 46, XX, and the male partner’s 
karyotype was 46, XY.

Imaging examinations
Hysterosalpingography revealed that the uterine cavity was normal, bilateral fallopian tubes were developed, and the 
spread of the pelvic contrast agent was diffuse and limited.

FINAL DIAGNOSIS
Primary infertility.

https://www.wjgnet.com/2307-8960/full/v12/i12/2092.htm
https://dx.doi.org/10.12998/wjcc.v12.i12.2092
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TREATMENT
In March 2021 and May 2021, the patient underwent two cycles of artificial insemination in the Department Reproductive 
Center. The first cycle was a natural cycle, and the second cycle was an ovulation induction cycle. Both cycles exhibited 
the development of dominant follicles and did not result in pregnancy.

From August 2021 to November 2022, 5 IVF cycles of assisted pregnancy treatment were performed in the Department 
Reproductive Center (Table 1).

Cycle 1: In August 2021, the short-acting long protocol in the luteal phase (GnRh-a long protocol) was used to promote 
ovulation. After ovulation during the mid-menstrual period, 0.1 mg of triptorelin acetate (Triptorelin®, 0.1 mg/piece, 
Ferring GmbH, Germany) was injected subcutaneously for 7 d, followed by 0.05 mg qd for 7 d. After 14 d, ultrasound and 
sex hormone examinations revealed that the ovarian follicles were in the basic state, gonadotropin (Gn) was activated, 
and recombinant follicle stimulating hormone was injected with recombinant follitropin β (Pouliquen®, 600 IU/piece, 
Merck & Co. Inc, United States) at 200 IU qd and Gn for 9 d. Three follicles were ≥ 18 mm, and nine follicles were ≥ 14 
mm on the day of hCG trigger (trigger day). An intramuscular injection of 6000 IU of human chorionic gonadotropin 
(HCG) (2000 IU/tube, Lizhu Group, China) was administered, and 35.5 h later, oocyte retrieval surgery was performed. 
On the day of oocyte retrieval (D0), 12 oocytes were obtained. The male partner's semen volume on the trigger day and 
the sperm concentration after treatment showed no significant abnormalities, and routine IVF was performed. After 4-6 h 
of fertilization, the maturation of oocytes was observed after removing the extracellular granular cells: two oocytes were 
in the GV stage, two in the MI stage, and eight in the MII stage. However, due to the absence of second polar bodies in the 
perioocyte space of all MII oocytes, rescue intracytoplasmic spermatozoid injection (R-ICSI) fertilization was performed 
due to fertilization disorder. Five zygotes with two pronuclei (2PN) were observed on the first day (D1) after oocyte 
collection, and five zygotes were cleaved on the second day (D2). On the 3rd day (D3), one 8CII embryo was observed 
and frozen. Three 6CIII embryos and one 5CII embryo continued to incubate without forming a blastocyst. In December 
2021, thawing cycle transplantation was performed, and artificial cycle preparation of the endometrium was carried out. 
On the second day of menstruation, 2 mg/d oral estradiol valerate (Bujiale® 1 mg/tablet, Bayer Vital GmbH, Germany) 
was given. On the 13th day of menstruation, ultrasound revealed 0.8 cm A-B of the endometrium, and an intramuscular 
injection of 40 mg qd progesterone (Xianju-®, 20 mg/piece, Zhejiang Xianju Pharmaceutical, China) was administered. 
Three days later, one 10CIII embryo was transferred, but no pregnancy occurred (Figure 1A and B, the embryos).

Cycle 2: In the second cycle in January 2022, the antagonist protocol (GnRH-Ant protocol) was used to promote 
ovulation. Beginning on the third day of menstruation, recombinant follicle stimulating hormone (Jin Saiheng®, 75 IU/
piece, Jin Sai Group, China) was administered subcutaneously for nine days. On the 6th day of Gn treatment, 0.25 mg of 
GnRH-Ant (Orgalutran®, Merck & Co. Inc, United States) was administered by intramuscular injection until the trigger 
day. Six follicles were ≥ 18 mm, and eight follicles were ≥ 14 mm on the trigger day. An intramuscular injection of HCG 
2000 IU and a subcutaneous injection of triptorelin acetate 0.1 mg as a double trigger were administered, and the oocytes 
were harvested 35 h later. Fifteen oocytes were obtained by D0. Considering the fertilization disorder that occurred in the 
first cycle, ICSI fertilization was performed directly. The maturation of oocytes was observed after removing the 
granulosa cells outside the oocytes: one in the GV stage, one in the MI stage, and thirteen in the MII stage. Ten fertilized 
oocytes with 2PN were observed on D1, and nine fertilized oocytes were cleaved on D2. On D3, one 8CIII embryo, two 
6CIII embryos, two 4CIII embryos, one 3CIIImbryo, one 2CIII embryo, two IV embryos were observed, and no blastocysts 
formed after continuous feeding (Figure 1C and D, the embryos).

Cycle 3: Growth hormone (GH, Sai Zeng, Jin Lei®, 30 IU/piece, Jin Sai Group, China) at a dose of 2 IU was ad-
ministered in the third cycle in May 2022. One oocyte (MII) was obtained in the natural cycle. The perivitelline space was 
large and the polar body was disrupted. ICSI fertilization was performed, and oocyte degeneration was observed on the 
first day (Figure 1E, the embryo).

Cycle 4: In June 2022, the luteal phase of the fourth cycle was designed to promote ovulation. Menotrophin (Li Zhu®, 75 
IU/tube, Lizhu Group, China) was injected intramuscularly for 10 d, with four follicles ≥ 18 mm and eight follicles ≥ 14 
mm on the trigger day. HCG at a dose of 6000 IU was injected intramuscularly for the trigger, and the oocytes were 
retrieved 35 h later. Twelve oocytes were obtained at D0, and ICSI was performed. Oocyte maturation was observed after 
removing the granulosa cells outside the oocytes: one in the MI stage, and eleven in the MII stage. Eight fertilized oocytes 
with 2PN were observed on D1, and eight fertilized oocytes with cleavage were observed on D2. On D3, there were two 
6CIII embryos, four 5CIII embryos, and two IV embryos, and no blastocysts formed after continuous feeding (Figure 1F 
and G, the embryos)

Cycle 5: In November 2022, in the fifth natural cycle, one oocyte was obtained (MI). After continuous culture, the 
oocyte did not fertilized (Figure 1H, the embryo).

In August 2022, the whole exomes of the couple and the woman's parents were sequenced (Yikang Gene Testing 
Company). The results of high-throughput sequencing confirmed the presence of a TUBB8 gene mutation in the woman 
[c.602G>T(p.C201F)], but no mutation was found in the man. Sanger sequencing of the woman's parents was used to 
verify the c.602G>T locus of the TUBB8 gene. The results showed that the genotype of the patient's father was the same as 
that of the patient, and the patient's mother had no variation at this locus (Tables 2 and 3, and Figure 1I, the locus of the 
TUBB8 gene).

OUTCOME AND FOLLOW-UP
The patient utilized donated oocytes at another hospital and is currently pregnant.
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Table 1 Description and characteristics of assisted reproductive technology cycles

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

COH protocol GnRH-A 
Long

GnRH-Ant Natural cycle Luteal phase Natural cycle

Gonadotropin r-FSH r-FSH - HMG -

Initiation dose (IU) 200 225 - 225 -

Total dose of gonadotropin (IU) 1975 2025 - 2025 -

Duration of gonadotropin (d) 9 9 - 9 -

E2 level on the day of HCG injection 6605.24 5822.55 189.60 2239.37 172.30

LH level on the day of HCG injection 1.54 0.57 4.87 1.86 4.04

P level on the day of HCG injection 2.05 2.56 0.28 7.38 0.21

No. of follicles (≥ 18 mm) 3 6 0 4 0

No. of follicles (≥ 14 mm) 9 8 1 8 1

Ovulation trigger (dose) 6000 IU 
(HCG)

2000 IU (HCG) + 0.2 
mg 
(GnRH agonist)

0.1 mg (GnRH 
agonist)

6000 IU (HCG) 0.1 mg (GnRH 
agonist)

Interval between HCG administration and 
oocyte retrieval (h)

35.5 h 35 h 35 h 35 h 34 h

Number of retrieved oocytes 12 15 1 12 1

Fertilization mode R-ICSI ICSI ICSI ICSI -

No. of MII 8 13 0 11 0

No. of GV 2 1 0 0 -

No. of 2PN 5 10 - 8 -

No. of D2 zygote 5 10 - 8 -

No. of D3 embryos 5 7 - 6 -

No. of blastocysts 0 0 - 0 -

No. of transferred embryos 1 (FET) - - - -

Pregnancy outcome Not 
pregnant

No transferable 
embryos

No transferable 
embryos

No transferable 
embryos

No transferable 
embryos

COH: Controlled ovarian hyperstimulation; MII: Metaphase II; MI: Metaphase I; GV: Germinal vesicle; 2PN: 2 pronucleus; FET: Frozen Embryo Transfer.

Table 2 Results of sequencing mutation sites in the coding region of the TUBB8 gene in the patient (female)

Gene Chromosomal location Variant naming Frequency Zygotic type Source of variation

TUBB8 Chr 93730 NM_177987.3: c.602G>T(p.C201F) Not included Heterozygous Unknown

Remarks: The variation verification result may be the complementary sequence of the reference sequence, and the variation C>A can also be expressed as 
G>T.

DISCUSSION
The patient suffered from primary infertility and had a history of infertility for 2 years. After excluding other infertility-
related factors, she first underwent 2 cycles of artificial insemination that failed and then underwent IVF treatment. Both 
the number of follicles in the bilateral ovarian sinuses and the AMH levels suggested normal ovarian function. In the first 
cycle, the conventional short-term and long-term follicular phase scheme was used, and the fertilization disorder was 
remedied quickly. Despite the development of an embryo, the patient failed to conceive after transplantation. In 
subsequent treatments, whether an antagonist scheme, a luteal phase scheme, or the addition of growth hormone to 
improve the quality of oocytes was used, although the patient had mature oocytes, the subsequent cleavage of fertilized -
eggs and early division of embryos were not satisfactory, and the development of all embryos was still stagnant in the 
cleavage stage, accompanied by embryo fragmentation. After five cycles of assisted reproductive technology, we found 
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Table 3 Results of mutation site verification in the patient's parents

Relationship Gene Transcript Verification site Verification results

Father TUBB8 NM_177987.3 c.602G>T Heterozygous variation

Mother TUBB8 NM_177987.3 c.602G>T Without-variation

Figure 1 Embryos derived from each cycle of ovulation induction in the patient and the locus of the TUBB8 gene mutation. A and B: 
Embryos of the first cycle; C and D: Embryos of the second cycle; E: Embryo of the third cycle; F and G: Embryos of the fourth cycle; H: Embryo of the fifth cycle; I: 
The locus of the TUBB8 gene mutation.

that although the patient could produce mature oocytes, there were obstacles to fertilization of the oocytes and stagnation 
of early embryo development. By consulting the literature and tracking the results of previous similar research[6,7], we 
determined that maternal RNA and protein present in oocytes will still have an impact on embryo development after 
fertilized oocytes are formed, and maternal gene mutation may be one of the reasons for early embryo development 
stagnation[8]. We sequenced the whole exomes of the patient and her spouses and detected a mutation in the TUBB8 gene 
[c.602G>T(p.C201F)] in the patient. The mutant gene was subsequently verified in the parents of the patient, and it was 
found that the TUBB8 mutation was inherited from the father of the female patient.

The human β -tubulin family consists of nine β -tubulin isoforms[9], but TUBB8 is the only gene specifically expressed 
in human oocytes and early embryos[4], and spindle assembly and chromosome separation are inseparable from their 
basic functions during meiosis and mitosis of early embryos[2]. The TUBB8 gene is a highly conserved genotype that 
exists only in primates. Missense mutations of TUBB8 may interfere with the maturation of human oocytes, which is a 
key prerequisite for fertilization and subsequent embryo development. To date, 109 unique TUBB8 mutations have been 
reported, including 87 heterozygous mutations, 13 homozygous mutations and 9 compound heterozygous mutations, 
which exist in 8 families. According to these reports, TUBB8 mutations account for approximately 31.96% of all cases of 
primary oocyte maturation stagnation[10], and different mutant genotypes are associated with different clinical 
phenotypes, including the following[11]: (1) Formation of fully developed immature oocytes; (2) formation of unfertilized 
MII oocytes; (3) formation of a fertilized oocyte that cannot be cleaved; and (4) stagnation of early embryo development, 
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including: (a) Oocytes that completely stagnate at the MI stage, (b) MII oocytes that cannot be fertilized, (c) fertilized 
oocytes that can be fertilized but the embryo does not cleave, and (d) embryos that can be fertilized and the embryo can 
cleave but then stagnate at the early stage to form embryos with a normal appearance but repeated implantation failures. 
Therefore, our results extend the mutation and phenotype spectrum of TUBB8 in patients with oocyte maturation, fertil-
ization and early embryonic development arrest. The heterozygous mutation of TUBB8 described in this study 
c.602G>T(p.C201F) is a newly discovered variant, that has not been reported in previous literature. The clinical 
phenotype of this genotype is early embryonic development stagnation; that is, this mutation does not hinder the 
maturation and fertilization of oocytes, so we can see that this patient can form MII oocytes that can be fertilized and 
cleaved normally. However, the development of all the embryos stopped at the 2-8-cell stage, and they did not further 
develop into normal blastocysts, which was similar to the phenotypes of the mutations found by Yuan et al[6] and Jia et al
[12]. Because the TUBB8 gene plays an important role in the formation and assembly of spindles during oocyte meiosis, 
we speculate that the stagnation of early embryonic development in patients may be partially caused by defects in 
nuclear maturity[13].

There are two genetic modes of disease inheritance related to TUBB8 gene mutations: autosomal dominant inheritance 
and autosomal recessive inheritance. To further explore the source of TUBB8 mutations, we collected as much family 
gene information as possible. We tested the blood samples of the woman's parents (the patient was the only daughter), 
and it was verified that the patient's mutation was inherited from her father. Although dozens of pathogenic TUBB8 gene 
mutations have been reported in the literature, there is still a lack of effective treatment methods. It has been reported that 
the duration of oocyte activation, the mode of calcium oscillation and calcium channel blockers affect the early embryonic 
development of mice[14-16]. Some studies have suggested that calcium supplementation may have a positive therapeutic 
effect on the embryonic development arrest caused by TUBB8 gene mutation and ultimately overcome early embryonic 
development arrest[17]. Jia et al[12] proposed that intracellular injection of cDNA of the normal TUBB8 gene can improve 
the spindle assembly of mouse cells, allowing the embryos to develop normally and enabling the birth of living offspring 
after injection; however the early embryo division mode of mice is different from that of humans, so there is still no 
experimental evidence to support the safety and effectiveness of intracellular injection of cDNA of the normal TUBB8 
gene into the human body. Therefore, for the treatment of patients, in view of the current medical means, the best choice 
is to use donated oocytes.

CONCLUSION
In summary, this study demonstrated that the TUBB8 gene plays an important role in early human embryo development, 
and that mutation of this gene leads to early embryo development stagnation. In this patient, a novel TUBB8 gene 
mutation, c.602G>T(p.C201F) was found, expanding the range of TUBB8 gene mutations and providing new clues for 
genetic counseling, assisted reproductive risk prediction and optimization of the clinical treatment of infertility. This case 
also illustrates the importance of screening for TUBB8 gene mutations in patients who have multicycle oocyte maturation 
disorder, fertilization failure or early embryo development stagnation.
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Abstract
BACKGROUND 
The clinical incidence of spinal infection is gradually increasing, and its onset is 
insidious, easily leading to missed diagnosis and misdiagnosis, which may lead to 
serious complications such as nervous system dysfunction, spinal instability 
and/or deformity, and cause a huge burden on society and families. Early identi-
fication of the causative agent and precision medicine will greatly reduce the 
suffering of patients. At present, the main pathogenic bacteria that cause spinal 
infection are Staphylococcus aureus, Streptococcus, Pneumococcus, Escherichia coli, 
and Klebsiella. There are no reports of spinal infection caused by Pseudomonas 
fluorescens.

CASE SUMMARY 
We report a 32-year-old female patient with spinal infection. She presented with 
flank pain, initially thought to be bone metastases or bone tuberculosis, and had a 
family background of tumors. Her clinical features and changes in imaging and 
laboratory tests led to the suspicion of thoracic spine infection. Histopathology of 
the lesion showed inflammation, tissue culture of the lesion was negative several 
times, and the possible pathogen - Pseudomonas fluorescens was found after gene 
sequencing of the lesion. The patient recovered completely after a full course of 
antibiotic treatment.

CONCLUSION 
This report increases the range of pathogens involved in spinal infections, 
highlights the unique advantages of gene sequencing technology in difficult-to-
diagnose diseases, and validates conservative treatment with a full course of 
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antibiotics for spinal infections without complications.

Key Words: Thoracic spine infection; Pseudomonas fluorescens; Spinal infection; Case report
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Core Tip: Vigilance regarding unexplained spinal infection is required. Detailed physical examination, puncture biopsy, 
pathological examination and genetic testing can play a very important role in clinical diagnosis. Needle biopsy and genetic 
testing are effective methods for identifying unexplained spinal infections, and appropriate antibiotic therapy with a full 
course of treatment is critical to prognosis. Due to the hidden nature of unexplained spinal infections, regular follow-up over 
a long period of time is recommended.
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INTRODUCTION
Spinal infection is common in the thoracic spine. Spinal infections include vertebral osteomyelitis, discitis, paravertebral 
musculoskeletal infections, and refractory spinal abscesses[1], accounting for 2%-7% of all musculoskeletal infections[2]. 
Common presenting symptoms are fever and chest and back pain. Common pathogens are mainly cocci and bacilli, and 
infections with specific bacteria have also been reported. As bone metastasis, tuberculosis, rheumatic diseases, brucellosis, 
osteoporosis and other diseases can lead to different degrees of bone destruction, imaging can show abnormal manifest-
ations of the spine; thus, spinal infection is easily misdiagnosed and missed. In the case of delayed diagnosis or surgery, 
potential early destructive and late disabling complications may occur[3], and can even lead to the risk of mortality, 
seriously affecting the normal life and work of patients, and result in serious economic burdens to society and families. If 
a patient has serious complications, debridement and fusion surgery can only be performed to eliminate the infected 
lesion and stabilize the spine[4], and if the infection is holospinal, surgery should be performed as soon as possible to 
achieve better neurological recovery and infection control[5]. However, regardless of the treatment chosen, antibiotics are 
required throughout the course of treatment. Although the optimal duration of antibiotic therapy remains controversial, 
it should not be less than six weeks[2].

CASE PRESENTATION
Chief complaints
A 32-year-old female patient presented with pain in her left flank of 1 wk.

History of present illness
The patient presented with pain in her left flank of 1 wk, the nature of the pain was undescribed, and was obvious at 
night, persistent, severe, was worse when breathing and changing position, and was slightly relieved when her position 
was maintained. Pain was accompanied by chest tightness and decreased appetite. No fever, chills, cough with sputum, 
dyspnea, or aches in other parts of the body were observed. Nausea and vomiting, abdominal pain, diarrhea, abnormal 
urine and bowel movements, palpitations, precordial pain, back pain, and left upper limb pain were absent. In addition, 
no rash was noted. From disease onset, her diet, sleep, and spirit were poor, and no significant weight reduction was 
observed. Self-administration of analgesic drugs (details unknown) before presentation were ineffective.

History of past illness
She was usually in good health.

Personal and family history
The patient reported a family history of malignancy.

Physical examination
Physical examination showed that she was conscious, had poor mental status, was helped into position, and supported 
by others. Pain was associated with breathing and trunk movement. Occasional palpable tenderness in the left flank and 
mild tension in the left back muscles and left flank muscles were observed with no obvious tenderness. The patient 
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showed no obvious deformity in the thoracolumbar segment of the spine, limited movement of the thoracic spine, 
interspinous tenderness at T 7-10, suspicious positive percussion pain, and a positive thoracic crush test. Examination of 
the cardiopulmonary tract, abdomen, and other areas showed no obvious positive signs.

Laboratory examinations
Laboratory tests showed the following: leukocytes were 10.62 × 109/L, neutrophil percentage was 76.80%, lymphocyte 
percentage was 17.80%, eosinophil percentage was 0.30%, neutrophil absolute value was 8.16 × 109/L, platelets were 381 
× 109/L, C-reactive protein (CRP) was 37.35 mg/L, erythrocyte sedimentation rate was 44 mm/h, aspartate aminotrans-
ferase was 11.6 U/L, globulin was 42.0 g/L, the leukoglobulin ratio was 1.0, prealbumin was 138.7 mg/L, glucose was 
6.42 mmol/L, urine ketone body 3+, urine occult blood+-, urine protein+, urine specific gravity was 1.033, urine 
leukocytes 32.50/μL, urine leukocytes in the high power field were 5.8/HP, liver and kidney function, blood lipids and 
blood glucose were not significantly abnormal. The patient underwent a tissue biopsy for bacterial culture and pathology 
smear. The bacterial culture of the lesion was negative, and the pathology (Figure 1) showed trabecular bone dege-
neration and necrosis, and the fibrous tissue of the intertrabecular granulation tissue revealed hyperplasia with inflam-
matory cell infiltration, and a few cytoplasmic transparent round cells were found. Symptomatic analgesic treatment was 
administered, but as the specific causative agent could not be identified, the patient attended Shandong Chest Hospital 
for inpatient treatment. After admission, re-examination of laboratory tests showed a Mycobacterium tuberculosis IgG 
antibody positive reaction, activated partial thromboplastin time of 50.6 s, albumin 37.9 g/L, creatine kinase 22 U/L, 
lactate dehydrogenase 116 U/L, triglycerides 1.76 mmol/L, magnesium 0.74 mmol/L, anion gap 6.8 mmol/L, and 
angiotensin-converting enzyme 5 U/L. Plasma D-dimer, routine blood tests, tiger red plate agglutination test, brucellosis 
test tube agglutination test, Brucella antibody IgG, Aspergillus galactomannan antigen, liver and kidney function, blood 
glucose, immunoglobulins (IgG, IgA, IgM), complement C3, complement C4, Mycobacterium tuberculosis IgM antibody, 
eight items before surgery, and the T-SPOT were also performed. There were no obvious abnormalities in the TB test, 
erythrocyte sedimentation rate, CRP, rheumatoid factor, anti-O, (1,3)-β-D-glucan, gram-negative lipopolysaccharide, and 
routine urine and bowel movements.

Therefore, a local needle biopsy of the lesion was performed again for relevant examination and culture. The results 
showed that no fungal or bacterial growth was found in the lesion tissue culture, and no mycobacteria were detected, and 
the DNA of Mycobacterium tuberculosis complex was also negative. The pathological evidence showed that the biopsy 
tissue (thoracic vertebrae) contained cartilage, bone and fibrous tissue with minimal inflammation.

Therefore, genetic sequencing (Tables 1 and 2) was performed and showed that Pseudomonas fluorescens had the largest 
number of total fragments, a small number of Escherichia coli and Staphylococcus aureus, and no mycobacteria, fungi, 
viruses, parasites, mycoplasma/chlamydia, and drug resistance genes were detected.

Imaging examinations
Imaging studies (Figures 2 and 3) showed that the T7-9 vertebrae were slightly flattened, and the T8 vertebra was 
predominant, with reduced smooth margins. The T7-9 vertebral body and adnexal bones showed patchy long T2 long T1 
signals, STIR hyperintensity, and the corresponding vertebral space was slightly narrowed. Multiple bone destruction of 
the T7 vertebral body and T8 vertebral body, bilateral vertebral arches, left transverse process, and left rib cage with 
swelling of the surrounding soft tissues were thought to be caused by infectious lesions, and positron emission 
tomography-computed tomography (PET-CT) or needle biopsy was recommended to rule out neoplastic lesions. Mild 
inflammation of the middle and lower lobes of the right lung, with signs of bilateral pleural effusion were also seen.

FINAL DIAGNOSIS
Thoracic vertebral body infection caused by Pseudomonas fluorescens.

TREATMENT
According to the patient's symptoms, signs, imaging data and laboratory test results, and considering the inflammatory 
bone structural abnormalities caused by Pseudomonas fluorescens, antibiotic therapy with moxifloxacin 0.4 g intravenously 
once a day was given for 4 wk, followed by oral moxifloxacin 0.4 g once a day for 2 wk.

OUTCOME AND FOLLOW-UP
The patient's symptoms resolved after treatment, and she went through pregnancy, delivery, and breastfeeding over the 
next two years; thus, no second-generation sequencing was performed. After stopping breastfeeding, the patient returned 
to the clinic in June, 2023, and did not complain of significant back pain or oblique rib pain. Magnetic resonance imaging 
(MRI) of the thoracic vertebra indicated that the original lesion site was significantly improved (Figure 4).
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Table 1 Precision medicine high-throughput sequencing (clinical infection gene analysis report): List of bacteria detected

Bacterial genus name (total number of 
fragments, abundance%)

Bacterial species 
name

Number of fragments 
detected (species)

Total fragment length 
(species, bp)

Homologous matching 
degree (%)

Pseudomonas spp. (67, 57.27%) Pseudomonas 
fluorescens

44 17534 99

Escherichia coli (10, 8.55%) Escherichia coli 10 3979 98

Staphylococci (7, 5.98%) Staphylococcus 
aureus

5 2142 100

Table 2 Precision medicine high-throughput sequencing (clinical infection gene analysis report): Other list

Serial number Name Result

1 Mycobacterium and other important pathogens 0

2 Fungus 0

3 Virus 0

4 Parasite 0

5 Mycoplasma/chlamydia trachomatis 0

6 Drug resistance gene 0

Figure 1 Pathology of the local puncture biopsy in Zibo Central Hospital. A: 4 × 10 times; B: 10 × 10 times; C: 20 × 10 times; D: 40 × 10 times.

DISCUSSION
Spinal infections are common in adults, but can also occur in younger[6] and older adults[7]. Studies[7] predict that the 
number of patients over the age of 80 years with spinal infections will increase rapidly in aging populations. These 
infections are not clinically prevalent but may lead to serious complications such as neurologic dysfunction, spinal 
instability and/or deformity due to skeletal destruction, and in severe cases, death[3,8]. As it is difficult to identify the 
causative pathogen, diagnosis is often delayed[9], resulting in a serious burden on the life and economy of patients and 
society. Spinal infections can occur in single-segments or contiguous multi-segments or non-contiguous multi-segments
[10] and can occur throughout the spine, most commonly in the lumbosacral spine (39.1%), followed by the thoracic spine 
(27.1%), and less frequently in the cervical spine[11,12]. Studies have found that the occurrence of spinal infections is 
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Figure 2 Computed tomography and magnetic resonance imaging of the thoracic spine. A: Thoracic vertebral computed tomography shows bone 
destruction in T7-9, with T8 being the most significant; B: Magnetic resonance imaging of the thoracic vertebra showed signs of bone abnormalities in T7-9, with T7 
and T8 being the most significant.

mostly related to immunosuppression[13], diabetes mellitus[14], intravenous drug abuse[15], osteoporotic vertebral 
fractures[16], recent soft tissue infection or bacteremia[17], and spinal surgery[18]. As spinal infections often lead to 
morphological abnormalities of the bone and accessory structures of the spine the clinical diagnosis and differential 
diagnosis of tumors, tuberculosis, brucellosis, ankylosing spondylitis, etc., are particularly important. With the deve-
lopment of MRI and PET-CT, these two techniques can distinguish between the types of spinal infections, and of these 
two techniques, PET-CT has shown better sensitivity and specificity in the diagnosis and treatment evaluation of spinal 
infections[19-21]. However, pathological analysis and bacterial culture are still important in the diagnosis of infected 
tissue[22]. The common pathogens in these infections[23-26] are Staphylococcus aureus, Escherichia coli, Streptococcus, 
Pneumococcus, Klebsiella, and less commonly, Salmonella[27], Aspergillus[28], Fungi[29], Actinomycetes[30], and Gram-positive 
bacteria[25]. Due to the limitations of bacterial culture conditions and the number of samples, it is not always possible to 
obtain relevant pathogens even by local bacterial culture and biopsy pathology[9], which leads to challenges in clinical 
diagnosis and treatment. With the rapid development of genomics technology, such as high-throughput DNA 
sequencing, big data and gene editing technology, precision medicine is getting closer. For bacterial infections, effective 
treatment is only possible by accurate identification of pathogenic microorganisms. It has been found[31-33] that gene 
sequencing can detect pathogens that are negative using traditional cultures, is more sensitive and time-consuming than 
traditional cultures, and has unique advantages in the identification and detection of clinically rare bacteria, fastidious 
bacteria, and bacteria that do not grow in solid media. For example, Dong et al[34] identified 190 suspected tuberculosis 
sputum culture isolates by genetic technology, and found that among the 190 isolates, 186 were Mycobacterium tuberculosis
, while the remaining 4 were non-tuberculous mycobacteria. In addition, gene sequencing technology is also used in the 
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Figure 3 Computed tomography of the lungs. Chest computed tomography shows mild inflammation in the middle and lower lobe of the right lung and a 
small amount of pleural effusion on both sides.

Figure 4  Magnetic resonance imaging showed that the lesions of the T7-9 vertebrae were significantly reduced after treatment.

identification of intestinal flora, the detection of tumor markers and mutant genes, the diagnosis and prognosis of 
diseases, and the evaluation of diagnosis and treatment effects, which is an important part of modern technologies. In the 
present case, gene sequencing technology was also used to detect pathogens that could not be cultured using conven-
tional bacterial culture, in order to determine the final diagnosis and treatment plan.

Treatment of spinal infections is divided into surgical and conservative treatments, and the choice of treatment 
depends on whether there are clear complications. Korovessis et al[3] evaluated English language peer-reviewed clinical 
trials on purulent spinal infections published before 2009. They found that the most basic treatment for uncomplicated 
spondylitis was intravenous antibiotics, followed by oral antibiotics and braces. In complex cases, surgery can improve 
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the balance of the sagittal plane, restore nerve damage, and relieve severe pain. Duarte et al[22] selected the appropriate 
literature on spinal infections using databases from the US National Library of Medicine and the US National Institutes of 
Health, and stated the need for consistent antibiotic therapy, emphasizing that antibiotic use must be initiated after the 
etiological diagnosis is made. Surgery is used only in the presence of neurological deficits or sepsis, spinal instability 
and/or deformity, epidural abscess, and failure of conservative treatment. Aljawadi et al[35] conducted a comprehensive 
search of relevant literature published from 1990 to 2018 and found that adequate non-surgical treatment with antibiotics 
can achieve satisfactory results with low recurrence rates. In the present case, the patient had an acute onset, a short 
disease course, and limited lesions, and satisfactory results were achieved following non-surgical treatment with 
antibiotics. It is important to note that regardless of whether conservative or surgical treatment is chosen, rehabilitation at 
all stages has a positive effect on the improvement of neurological, motor, and sensory impairments in patients with 
spinal infections[36].

Compared with common spinal infections, the case reported in this article had certain specificities which were mainly 
manifested in the following aspects: First, the onset of symptoms was atypical. The patient did not have obvious 
symptoms of fever, back pain, or neurological dysfunction, but presented with severe flank pain, which was related to 
postural changes and breathing, and could easily be misdiagnosed as herpes zoster and visceral disease. Careful physical 
examination revealed tenderness and percussion pain in the thoracic spine, but no significant tenderness in the flanks, no 
obvious rash or paresthesia, a negative thoracic crush test, and no obvious positive signs in the lungs or abdomen. MRI of 
the thoracic spine and CT of the lungs were completed before the lesion was localized to the thoracic spine. Second, there 
was no history of obvious underlying medical conditions, immunodeficiency or suppression, and no abnormal contact or 
recent history of trauma, infection, and surgery. Spinal infections have been found to result from distal skin or visceral 
infections followed by the bloodstream route[37]. Our patient was a young woman who had previously been in good 
health and had no history of travel, other illnesses or unusual contacts, and no significant trauma or distal skin infection 
or surgery. As there was a genetic history of tumor in the family, it was not possible to determine whether the lesion was 
a tumor or an infection using MRI. At this time, clinicians are prone to misdiagnosis, and how to communicate with 
patients when there is no good and clear diagnosis, how to stabilize the patient's mental status, and what the next 
diagnosis and treatment plan are problems faced by clinicians. A clear source of infection was traced in this patient, and it 
is speculated that there may have been superficial skin lesions over a long period of time that led to colonization by the 
pathogen and activation of the causative agent when the body became immunocompromised, leading to morbidity. 
Third, pathological analysis of the biopsy and bacterial culture failed to identify the causative organism. The patient 
underwent biopsy for pathological analysis and bacterial culture in our hospital and Shandong Chest Hospital, and both 
results showed inflammatory lesions, while no obvious positive results were found in both bacterial cultures. These 
results are similar to those in many clinical reports[23,26], which has resulted in a bottleneck in terms of diagnosis and 
treatment when the true pathogen cannot be found. This poses a further challenge in the diagnosis and treatment of the 
disease. There were three reasons for failure to culture positive bacteria in this patient. First, few samples were obtained 
by puncture and the transfection rate was low. Second, a fluorescence test was not carried out. Third, culture is less 
sensitive than gene sequencing. Bacterial culture requires live bacterial growth, and in the progressive or active stage of 
the disease, the lesion site has obvious inflammatory infiltration and cytophagocytosis, inanimate bacteria or decomposed 
nucleic acid fragments which does not provide culture positive results or biochemical identification. For gene sequencing, 
the sensitivity is higher, both live bacteria and decomposed nucleic acid fragments can be detected; thus, culture and 
biochemical tests failed to detect Pseudomonas fluorescens, while gene sequencing could detect this pathogen. Fourth, the 
pathogenic bacteria found by gene sequencing are special. With the development of omics technology, the application of 
new genomics, metabolomics, and proteomic technologies has brought opportunities for clinicians to break through 
bottlenecks. The patient's cultures were negative, and pathology only showed inflammatory cell infiltration, and the 
specific pathogen was unclear. It was not until after gene sequencing was conducted that infection with Pseudomonas 
fluorescens was suggested. According to the results of gene sequencing, the presence of Pseudomonas fluorescens, Escherichia 
coli and Staphylococcus may have been due to co-infection. As the content of Pseudomonas fluorescens was much higher than 
that of the other two bacteria, Pseudomonas fluorescens was considered to be the main pathogen. However, this pathogen is 
a rare in humans, and there have been no reports of spinal infection caused by this bacterium. Pseudomonas fluorescens is 
widely distributed in nature, such as in soil, water, plant and animal environments, and can antagonize plant pathogens 
and promote plant growth[38], and is an important plant root growth-promoting bacterium, which is mainly used in 
agricultural production, and has been occasionally found to infect humans[39]. Pseudomonas fluorescens is an opportunistic 
pathogen, and the most common clinical infection is via blood and blood products[40-42]. From 2004 to 2006, 80 people in 
the United States were reported to have been infected by products contaminated with the bacterium[43]. Pseudomonas 
fluorescens can exist in urine, bile, skin and skin infected secretions[44-45], and can also enter the blood and cause 
pyogenic pus, osteomyelitis, pyogenic ganglitis and lung infection. It even leads to severe after-effects such as septicemia, 
infected huke and intravascular coagulation, with a high mortality rate[46]. Pseudomonas fluorescens is temperature-
sensitive and does not grow below 37 °C or 42 °C during bacterial culture[47]. However, it is possible to develop transient 
strains that are tolerant to high temperature, for example Pseudomonas psychrophila, which is widely distributed in nature, 
and can cause human and animal disease. It has also been found[48] that Pseudomonas fluorescens is an important spoilage 
bacterium that causes spoilage of meat and can be detected in such meat. The cause of infection due pathogenic bacteria is 
unknown, and the source of the infection is unclear. In our patient, it may be related to the consumption of spoiled food, 
as the number of gene fragments of the bacterium obtained by gene sequencing was not large, but could have been due to 
the small amount of sampling. Fifth, the treatment of the patient was relatively smooth as she fully recovered and 
returned to normal work and daily life with no obvious sequelae after treatment with intravenous and oral antibiotics. 
This was related to the relatively young age of the patient, the short disease duration, the absence of significant 
comorbidities, and the use of adequate antibiotics, which is consistent with previous studies[2]. In this case, bacterial 
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culture was negative and drug susceptibility testing could not be performed. Ciprofloxacin was empirically selected for 
treatment. The Department of Pharmacology, Shantou University Medical School in China carried out a drug resistance 
study on the strain of Pseudomonas fluorescens, and found that the strain was resistant to penicillin, ampicillin, amoxicillin, 
cefuroxime, ceftazidime, cefotaxime, cefazolin, imipenem, meropenem, amtronam and tetracycline, and only sensitive to 
ciprofloxacin[49]. Liu et al[47] carried out a drug sensitivity test on a patient infected with Pseudomonas fluorescens 
secondary to finger skin trauma, and found that the bacterium was sensitive to ceftazidime, amiamkanamycin, 
amtronam, levofloxacin, ciprofloxacin, imipenem, meropenem, tobramycin, netimicin, etc., and resistant to piperacillin, 
cefoperazone, polymyxin B and ticacillin. Thus, we empirically selected ciprofloxacin in the absence of drug sensitivity, 
and achieved good clinical efficacy.

This case indicates that clinicians should pay attention to detailed physical and other examinations. When the patient's 
complaint is not consistent with their condition, appropriate physical and auxiliary examinations are important in 
helping to identify the cause as soon as possible. The existence of special diseases requires clinicians to continue to 
explore, recognize and improve, to use the continuous developments of new technologies, and to work together with 
multidisciplinary unity and cooperation, so that patients can obtain an early diagnosis and precision treatment, and 
reduce or avoid serious complications or sequelae.

CONCLUSION
This report increases the range of pathogens involved in spinal infections, highlights the unique advantages of gene 
sequencing technology in difficult-to-diagnose diseases, and validates conservative treatment with a full course of 
antibiotics for spinal infections without complications.
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Abstract
BACKGROUND 
Lateral window approach for sinus floor lift is commonly used for vertical bone 
augmentation in cases when the residual bone height is less than 5 mm. However, 
managing cases becomes more challenging when a maxillary sinus pseudocyst is 
present or when there is insufficient bone width. In this case, we utilized the bone 
window prepared during the lateral window sinus lift as a shell for horizontal 
bone augmentation. This allowed for simultaneous horizontal and vertical bone 
augmentation immediately after the removal of the maxillary sinus pseudocyst.

CASE SUMMARY 
A 28-year-old female presented to our clinic with the chief complaint of missing 
upper left posterior teeth. Intraoral examination showed a horizontal deficiency of 
the alveolar ridge contour. The height of the alveolar bone was approximately 3.6 
mm on cone beam computed tomography (CBCT). And a typical well-defined 
'dome-shaped' lesion in maxillary sinus was observed on CBCT imaging. The 
lateral bony window was prepared using a piezo-ultrasonic device, then the bony 
window was fixed to the buccal side of the 26 alveolar ridge using a titanium 
screw with a length of 10 mm and a diameter of 1.5 mm. The space between the 
bony window and the alveolar ridge was filled with Bio-Oss, covered with a Bio-
Gide collagen membrane, and subsequently sutured. Nine months later, the 
patient’s bone width increased from 4.8 to 10.5 mm, and the bone height increased 
from 3.6 to 15.6 mm. Subsequently, a Straumann® 4.1 mm × 10 mm implant was 
placed. The final all-ceramic crown restoration was completed four months later, 
and both clinical and radiographic examinations showed that the implant was 
successful, and the patient was satisfied with the results.

https://www.f6publishing.com
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CONCLUSION 
The bone block harvested from the lateral window sinus lift can be used for simultaneous horizontal bone 
augmentation acting as a shell for good two-dimensional bone augmentation.

Key Words: Sinus lift; Lateral window; Dental implant; Horizontal bone augmentation; Case report

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

Core Tip: The bone block harvested from the lateral window sinus lift as a shell for simultaneous horizontal bone 
augmentation can effectively address cases with insufficient bone height and width. This approach enables two-dimensional 
bone augmentation, leading to successful implant placement and restoration, as demonstrated in this case study.

Citation: Wang YL, Shao WJ, Wang M. Bone block from lateral window - correcting vertical and horizontal bone deficiency in 
maxilla posterior site: A case report. World J Clin Cases 2024; 12(12): 2109-2115
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2109.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2109

INTRODUCTION
In the edentulous maxillary posterior region, available bone heights (ABH) often decrease due to alveolar ridge 
resorption and progressive pneumatization of the maxillary sinus, presenting a challenge for implant restorations. The 
International Team for Implantology consensus recommends lateral window approach for sinus floor elevation when 
ABH is less than 5 mm in posterior maxilla[1].

The cortical bone tenting technique is an effective method for horizontal bone augmentation, involving the placement 
of a thin lamina of cortical bone over the particulate bone substitutes[2]. It is characterized by the thin cortical bone acting 
as a natural biological membrane, which is fixed to the alveolar ridge using titanium nails at a specific distance from the 
alveolar crest. Systemic review has shown that the cortical tenting technique can achieve a horizontal bone augmentation 
of 5.55 mm[3].

Although the maxillary sinus floor lift is a well-documented technique for bone regeneration, clinical decision-making 
for a maxillary sinus floor lift may become more complex when some lesions are present in the maxillary sinus[4,5]. The 
most commonly encountered condition during a maxillary sinus floor lift is maxillary sinus pseudocyst, with an 
incidence of approximately 1% to 24%[6,7]. Pseudocysts are usually detected on cone beam computed tomography 
(CBCT) and show a characteristic faint dome-shaped radiopacities[7]. The management of maxillary sinus cysts and the 
timing of bone grafting in maxillary sinus is controversial. Some scholars suggest that a period of healing is required after 
the removal of sinus cysts before bone grafting[8], while other scholars have achieved good results with contempor-
aneous bone grafting[9]. In some studies, dental implants have been placed at the same time with pseudocyst removal 
and bone grafting[10,11]. Some reviews have shown that the presence of pseudocysts does not affect the ultimate success 
of bone grafting and implant placement, but other studies have also suggested that detailed evaluation of patients is 
crucial to prevent undesirable complications[11,12].

This article presents a case using the bone block harvested from lateral window for sinus floor elevation/lift 
immediately after pseudocyst removal to correct severe vertical and horizontal bone deficiency in posterior maxilla.

CASE PRESENTATION
Chief complaints
A 28-year-old female patient consulted to Department of Oral Implantology with a complaint of a missing maxillary left 
upper molar several years ago due to tooth fracture.

History of present illness
The maxillary left upper first molar was extracted several years ago due to tooth fracture.

History of past illness
No significant medical history was reported. The patient denied any medical history and tobacco use.

Personal and family history
No significant personal and family history was reported.

https://www.wjgnet.com/2307-8960/full/v12/i12/2109.htm
https://dx.doi.org/10.12998/wjcc.v12.i12.2109
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Figure 1 Preoperative occlusal view and cone beam computed tomography images of tooth 26. A: Occlusal view of tooth 26 with the horizontal 
bone deficiency; B: Coronal cone beam computed tomography (CBCT) image showed the mesio-distal dimensions and the region of pseudocyst; C: Sagittal CBCT 
image showed the available bone heights of tooth 26 and the height of pseudocyst; D: Horizontal CBCT image showed horizontal bone deficiency of tooth 26.

Physical examination
The patient’s blood pressure was 112/74 mmHg with a pulse rate of 72 beats per minutes. The buccal gingival contour of 
tooth 26 was collapsed from the occlusal view (Figure 1A).

Laboratory examinations
The routine blood count and coagulation profile were within normal limits.

Imaging examinations
CBCT showed that the ABH of tooth 26 was 3.6 mm and available bone width (ABW) was 4.8 mm with a well-circum-
scribed low-density lesion in the maxillary sinus in the region from tooth 24 to tooth 26 (Figure 1B-D).

FINAL DIAGNOSIS
Maxillary dentition defect; sinus pseudocyst.

TREATMENT
A staged approach for implant placement was planned following vertical and horizontal alveolar bone augmentation and 
pseudocyst removal. The informed consent for treatment was signed before surgery. Immediately prior to the surgery, 
the mouth was rinsed three times for three minutes using 0.12% chlorhexidine mouthwash. Adrenaline-containing 
articaine (4% articaine 1:100000 adrenaline, 3M Espe, Seefeld, Germany) was administered for local anesthesia. A 
midcrestal horizontal incision and two adjacent buccal releasing incisions were made, and the full-thickness mucoperi-
osteal flap was reflected to expose the alveolar bone and the lateral wall of maxillary sinus. A piezo-ultrasonic (EMS, 
Nyon, Switzerland) device was used to prepare a rectangular bony window in the lateral wall of maxillary sinus, the 
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Figure 2 The surgical procedure. A: Ultrasonic bone scalpel delineating the bone window; B: Lifting the bone window to expose the maxillary sinus mucosa; C: 
Intentionally rupturing the maxillary sinus floor mucosa, revealing a perforation; D: Removed maxillary sinus pseudocyst.

buccal bony plate was gently detached from the maxillary sinus membrane and placed in saline for preservation. The 
maxillary sinus membrane was then gently and thoroughly elevated. A syringe was used to aspirate fluid from the 
maxillary sinus cyst by inserting it, while no visible object was extracted. The mucosa on the floor of the maxillary sinus 
was incised to extract the cyst, revealing perforation in the same mucosal area. The perforation in the mucosa were 
covered by collagen membrane (Bio-Gide, Geistlich Pharma, Wolhusen, Switzerland), and 1g bone substitutes (Bio-Oss, 
Geistlich Pharma, Wolhusen, Switzerland) were placed in maxillary sinus cavity (Figure 2).

A micro titanium screw was used to penetrate the center of the bony window and fixed to the buccal side of the 
alveolar bone in the edentulous area, the space between the bone plate and the alveolar ridge was filled with Bio-Oss 
bone substitutes and the bone plate were covered with collagen membrane (Bio-Gide, Geistlich Pharma, Wolhusen, 
Switzerland), and the incision was closed tightly with tension-free sutures (Figure 3). Postoperative instructions and 
antibiotics were given to the patient.

Nine months later, CBCT showed that the ABH was 15.6 mm and ABW was 10.5 mm. Also, the thickness of sinus 
membrane was normal and the pseudocyst was disappeared (Figure 4). A Straumann BLT dental implant (Straumann®, 
4.1 mm × 10 mm, Switzerland) was placed conventionally. A screw-retained all-ceramic restoration was installed 4 
months later (Figure 5).

OUTCOME AND FOLLOW-UP
The 1-year follow-up visit showed that the implant was succeeded according to the criteria proposed by Albrektsson et al
[13].

DISCUSSION
The lateral bony window in maxillary sinus lift was opened by either a round drill or ultrasonic tips, it was usually 
treated in the following 4 ways: Elevated into the newly formed sinus cavity, discarded, repositioned after placing the 
bone graft, or utilized as a bone graft material[14].

Cortical bone tenting is a technique in which a thin cortical bone sheet is anchored to the alveolar bone by titanium 
nails and the space below is filled with bone graft material[2]. The thin cortical bone sheet provides a "natural biological 
membrane" effect and allows neovascularization to grow into the bone graft particles. The distance of the bone gain is not 
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Figure 3 Intraoral photo demonstrating horizontal bone augmentation using cortical bone tenting technique. A: Fixation of the bone window 
with titanium screw; B: Maintaining a certain distance between the bone window and the buccal aspect of the alveolar ridge; C: Filling the gap with DBBM; D: 
Covering the defect area with a collagen membrane.

limited by the size of the collected bone mass as in the autologous bone grafting technique, and more bone width and less 
bone resorption can be achieved than with autologous bone grafting[3,15]. Traditionally, cortical bone plates are taken 
from the mandibular ramus or the chin. It is reported that the most frequent complication in the donor area is chin 
paresthesia, primarily associated with grafts harvested from the symphysis[3]. In this case, the bone plate from the lateral 
wall of the maxillary sinus lift was used for the cortical bone tenting technique without a separate second operative area, 
which not only reduced the patient’s postoperative trauma, but also shortened the operative time and postoperative pain
[16,17].

In this case, the largest possibility in the patient’s maxillary sinus is most likely a pseudocyst, as the patient is 
asymptomatic, and it presents a typical well-defined ’dome-shaped’ lesion on CBCT imaging. There is currently no 
consensus on the management regarding such pseudocysts. Some scholars believe that these pseudocysts may potentially 
lead to infection of bone graft material; therefore, a two-stage treatment approach is recommended[8]. This involves the 
removal of the cyst first, allowing for healing, followed by maxillary sinus floor elevation surgery. In contrast, studies by 
other scholars have shown that bone grafting can be performed during the same period of time as the removal of the cyst, 
with favorable results[9,11]. In this case, there were no contents in the lesion when we aspirated it during operation, and 
the patient did not have any symptoms preoperatively, so we chose to cover the maxillary membrane perforation with a 
collagen membrane directly after removing the lesion and perform bone grafting at the same time to minimize the 
number of surgeries and the patient’s waiting period for the missing teeth. The CBCT showed that the pseudocyst was 
disappeared thoroughly after 9 months, indicating that the lesion had been removed. The patient had no postoperative 
complications and healed well.

CONCLUSION
The bone plate from lateral window approach for sinus augmentation can be an alternative donor site for severe 
horizontal bone augmentation in maxillary posterior region. In asymptomatic preoperative pseudocysts in the maxillary 
sinus and in which no specific intraoperative contents were aspirated, removal of the lesion for simultaneous maxillary 
sinus floor elevation can also yield good results.
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Figure 4 Immediate postoperative and 6-month follow-up. A: Immediate postoperative sagittal cone beam computed tomography (CBCT) image showing 
the overall condition of the maxillary sinus; B: Immediate postoperative Coronal CBCT image showing the disappearance of the maxillary sinus floor mucosal 
pseudocyst, with a bone height of 15.8 mm and a bone width of 10.8 mm; C: At 9 months postoperative, adequate alveolar bone width can be observed intraorally; D: 
A: At 9 months postoperative, sagittal CBCT image showing the overall condition of the maxillary sinus; E: At 9 months postoperative, Coronal CBCT image showing 
the disappearance of the immediate postoperative maxillary sinus floor mucosal pseudocyst, with a bone height of 15.6 mm and a bone width of 10.5 mm.

Figure 5 Clinical photos and imaging with final restoration. A: Occlusal view of screw retained all-ceramic restoration; B: Proper occlusion after all-
ceramic restoration; C: Panoramic view after restoration showed sufficient bone volume around dental implant.

FOOTNOTES
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Abstract
BACKGROUND 
Angioleiomyoma is a rare and benign stromal tumor typically found in subcu-
taneous tissue. It rarely occurs in the gastrointestinal tract. Among the reported 
cases, the most common complication was gastrointestinal bleeding. Perforation 
has only been reported as a complication in the last few decades.

CASE SUMMARY 
This case report detailed the discovery of intestinal angioleiomyoma in a 47-year-
old male presenting with abdominal pain that had persisted for 3 d. After 
suspecting hollow organ perforation, surgical intervention involving intestinal 
resection and anastomosis was performed.

CONCLUSION 
The report underscores the significance of early surgical intervention in effectively 
treating angioleiomyoma while emphasizing the pivotal role of timely and 
appropriate measures for favorable outcomes.

Key Words: Angioleiomyoma; Intestinal perforation; Abdomen; Acute; Diarrhea; Case 
report
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Core Tip: Here we report the first case of angioleiomyoma in the small intestine with a complication of perforation. This type 
of complication is extremely rare as the last published report of a perforation complication related to angioleiomyoma was 
published 30 years ago in Russian.

Citation: Hou TY, Tzeng WJ, Lee PH. Small intestine angioleiomyoma as a rare cause of perforation: A case report. World J Clin 
Cases 2024; 12(12): 2116-2121
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2116.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2116

INTRODUCTION
Angioleiomyomas are a vascular subtype of leiomyomas, categorized as benign smooth muscle tumors. The tumor itself 
is characterized by inclusion of vessel and smooth muscle cells[1]. Angioleiomyomas mostly arise from the wall of a vein. 
The majority of cases occur at 30 years to 60 years of age, with female predominance and location in a lower extremity[2]. 
Although, angioleiomyomas have been found in different organs[3-5]. Within the gastrointestinal tract, occurrences of 
angioleiomyomas are exceptionally rare[6]. This case report presents the inaugural instance documented in the English 
literature and details a patient who exhibited hollow organ perforation attributable to angioleiomyoma.

CASE PRESENTATION
Chief complaints
A 47-year-old male presented with lower abdominal pain and diarrhea.

History of present illness
The patient reported that his symptoms started 3 d prior to presentation, with both gradually progressing over that 
period. He also reported having a fever that would go up to 39 °C for 1 wk.

History of past illness
The patient had a medical history of controlled hypertension for many years.

Personal and family history
The patient’s personal and family history was unremarkable.

Physical examination
The physical examination revealed the following: Body temperature, 36.7 °C; heart rate, 105 beats/min; respiratory rate, 
18 breaths/min; and blood pressure, 125/80 mmHg. The skin and mucous membranes were free of yellow staining, rash, 
bleeding spots, liver palms, and spider nevus. Chest breathing was normal. However, the tenderness over the low 
abdomen and rebounding pain was mentioned.

Laboratory examinations
Laboratory tests indicated elevated C-reactive protein (335 mg/L; normal range: < 5 mg/L) and increased creatinine (1.81 
mg/dL; normal range: 0.64 mg/dL-1.27 mg/dL).

Imaging examinations
Computed tomography (CT) showed pneumoperitoneum and a mass over the pelvic area (Figure 1).

FINAL DIAGNOSIS
Ileum angioleiomyoma with complications of perforation and pneumoperitoneum.

TREATMENT
We initially suspected a perforation associated with sigmoid colon cancer. Therefore, surgical intervention was initiated 
approximately 7 h after admission. An exploratory laparotomy revealed a tumor, measuring 8 cm × 5 cm, located 70 cm 
from the ileocecal valve. It was surrounded by an abscess formation (Figure 2). A thorough examination of the stomach, 

https://www.wjgnet.com/2307-8960/full/v12/i12/2116.htm
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Figure 1 Computed tomography before the operation. A: Pneumoperitoneum (orange arrow); B: One 6.8 cm × 6.5 cm mass over the pelvic area (orange 
arrow).

intestine, and colon did not reveal additional perforation. The tumor was excised followed by end-to-end anastomosis.

OUTCOME AND FOLLOW-UP
Postoperatively, the patient was transferred to the ward for continued care and was discharged 2 wk after the operation. 
The patient returned to our clinic for follow-up after 2 wk without complaint of abdominal pain, nausea nor vomiting. 
The immunohistochemical analysis of the resected specimen corroborated the diagnosis of angioleiomyoma.

DISCUSSION
Leiomyomas are most frequently located in the uterine myometrium (95.0%), followed by the skin (3.0%) and the 
gastrointestinal tract (1.5%)[6]. In 1969, the World Health Organization defined leiomyomas as well-circumscribed benign 
tumors composed of bundles of mature smooth muscle cells. The World Health Organization classification includes three 
main groups: Solid leiomyoma; vascular leiomyoma (angioleiomyoma); and epithelioid leiomyoma (leiomyoblastoma)
[7]. Angioleiomyoma, initially described by Stout[8] in 1937, commonly affects the skin and subcutaneous tissue of the 
lower extremities. Its presence in the gastrointestinal tract is exceptionally rare. Angioleiomyomas in the gastrointestinal 
tract occur predominantly in the jejunum (44%), followed by the ileum (37%) and the duodenum (19%).

Four distinct subtypes of angioleiomyoma have been identified[2]. The first type is capillary or solid angioleiomyomas. 
They are characterized by a rich stratification of smooth muscle cells surrounding a few slit-like vascular channels. This 
subtype is the most common. The second type is venous angioleiomyomas, which is distinguished by more vascular 
channels and walls that are thicker compared to capillary angioleiomyomas. The third type is cavernous angio-
leiomyomas, and this subtype features widened vascular channels surrounded by a thin layer of smooth muscle cells. The 
fourth type is combined capillary and venous angioleiomyomas[9,10].

Our patient was diagnosed with cavernous angioleiomyoma based on histological findings. Sections showed ileal 
tissue with a well-circumscribed subserosal tumor composed of proliferative spindle smooth muscle cells bearing brightly 
eosinophilic cytoplasm and arranged in fascicles, punctuated by variable-sized vascular channels. The vessels were 
irregularly dilated with attenuated walls. There was also a lack of a thick muscular wall (Figure 3).

The clinical presentation of angioleiomyoma is diverse. Uncomplicated cases are typically asymptomatic. However, a 
limited number of reported cases exhibit rare clinical presentations. Therefore, it is challenging to establish compre-
hensive clinical features and complication rates. Only 10 cases of gastrointestinal angioleiomyoma have been documented 
in the literature. Table 1 compares these cases with our own.

Gastrointestinal bleeding is the most commonly reported complication associated with angioleiomyoma. Past cases 
have reported other complications, such as intussusception and prolapse. Notably, our case represents the first reported 
instance of angioleiomyoma-related perforation in the English literature.

In our case, preoperative imaging, specifically CT, revealed a lesion located in the pelvic region accompanied by 
pneumoperitoneum. We initially suspected malignancy-related hollow organ perforation. Despite the absence of tarry or 
bloody stool reported by the patient, CT indicated a tumor of 9.5 cm × 6.5 cm × 6.4 cm in size that was surrounded by 
abscess.
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Table 1 Case list of angioleiomyoma in the gastrointestinal tract

Ref. Age, sex Location Complication Diagnosis Treatment

Valnicek[11], 1959 NA Small bowel GIB NA NA

Gădăleanu and Popescu
[12], 1988

31, female Duodenojejunal 
flexture

GIB Laparotomy 2 stages: (1) Tumor vascular pedicle 
ligation; and (2) Resection

Sapelkin[13], 1989 NA Small bowel Perforation NA NA

Pidoprigora et al[14], 
1995

NA Small bowel GIB NA NA

Sadat et al[9], 2007 58, female Ileum GIB Angiography Resection

Nakatani et al[15], 2010 45, female Ileum GIB Capsule endoscopy + double-
balloon enteroscopy

Resection

Turan et al[16], 2010 Age not 
known, female

Ileum Intussusception CT Resection

Stanojević et al[17], 2013 40, female Rectum Prolapse Clinical Tumor excision

Gachabayov and 
Mityushin [18], 2016

21, male Jejunum GIB CT Resection

Shao et al[19], 2018 42, male Jejunum GIB Double balloon enteroscopy Resection

Our case 47, male Ileum Perforation CT Resection

CT: Computed tomography; GIB: Gastrointestinal bleeding; NA: Not available.

Figure 2 Gross appearance during the operation. A: Pelvic mass surrounded by an abscess (white arrow); B: The tumor and a small section of the ileum 
was resected.

Surgical resection of the affected bowel segment is the typical treatment to manage the angioleiomyoma and any 
accompanying complications. Resection is typically followed by side-to-side anastomosis, which was also performed in 
our case. Given the initial suspicion of hollow organ perforation, a comprehensive inspection of the entire abdomen was 
essential to identify potential perforations caused by other etiologies. This thorough examination was crucial to ensure an 
accurate diagnosis and appropriate intervention.

CONCLUSION
In summary, small bowel angioleiomyoma is a rare occurrence. Perforation is also a rare complication related to 
angioleiomyoma. Nonetheless, early surgical intervention plays a crucial role in the effective treatment of angio-
leiomyoma. Timely and appropriate surgical measures are pivotal for a favorable outcome in such cases.
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Figure 3 Histopathology of angioleiomyoma. A: Ileal tissue with a well-circumscribed subserosal tumor; B: Proliferative spindle smooth muscle cells bearing 
brightly eosinophilic cytoplasm and arranged in fascicles, punctuated by variable-sized vascular channels. The vessels were irregularly dilated with attenuated walls; 
C: The proliferative smooth muscle cells were highlighted by desmin immunostaining, while the cavernous vascular channels lacked a well-formed muscular wall.
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Abstract
BACKGROUND 
Crossed renal ectopia (CRE) occurs when one kidney crosses the midline from the 
primary side to the contralateral side while the ureter remains on the primary 
side. Rectal cancer, one of the most common malignant tumors of the digestive 
tract, refers to cancer from the dentate line to the rectosigmoid junction. The 
concurrent presentation of CRE alongside rectal cancer is an uncommon clinical 
observation.

CASE SUMMARY 
Herein, we report a 69-year-old male patient with rectal cancer who was 
diagnosed with CRE via computed tomography during hospitalization. Following 
thorough preoperative evaluations, the patient underwent Dixon surgery.

CONCLUSION 
We performed laparoscopic radical resection of rectal cancer and adequate lymph 
node removal in a patient with CRE with no postoperative discomfort.

Key Words: Rectal cancer; Crossed renal ectopia; Anatomy; Laparoscopic surgery; Case 
report

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

Core Tip: Rectal cancer is a common malignant tumor in clinical practice, and current 
treatment methods mainly include surgery and chemotherapy. The occurrence of rectal 
cancer in conjunction with crossed renal ectopia (CRE) is exceedingly rare. We reported 
a patient with rectal cancer who underwent CRE and Dixon surgery.
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INTRODUCTION
Crossed renal ectopia (CRE) involves the translocation of one kidney from its original side across the midline to the 
contralateral side. Contrary to what the term might suggest, the kidneys do not actually "cross" each other; instead, one 
kidney shifts to the same side as the other. Any colon surgery for such patients must take into account possible 
anatomical abnormalities, such as abnormalities in the renal vessels and variations in the position of the ureter. For 
patients with CRE, in addition to ensuring an adequate resection margin of the tumor, attention should be given to the 
protection of blood vessels and nerves in the surrounding organs, and appropriate enlarged combined resection may be 
performed when necessary. Consequently, conducting a thorough preoperative assessment and formulating a meticulous 
surgical strategy are of paramount importance. In Japan, Nakai et al[1] reported the laparoscopic treatment of a patient 
with CRE complicated with sigmoid carcinoma; however, instances of combined laparoscopic treatment for CRE 
complicated by rectal cancer have yet to be documented.

In this paper, we report a case of CRE with rectal cancer treated by laparoscopic surgery without any postoperative 
complications.

CASE PRESENTATION
Chief complaints
A one-month history of frequent bowel movements and the passage of dark red bloody stools, with no apparent cause.

History of present illness
A 69-year-old male experienced an increase in the frequency of defecation-approximately 2-3 times/d-mainly due to no 
obvious cause before 1 month-dark red stool with blood.

History of past illness
The patient had lost 10 pounds in weight in the past five months.

Personal and family history
The patient denied any family history of malignant tumors.

Physical examination
On physical examination, the vital signs were as follows: body temperature, 36.5 °C; blood pressure, 135/78 mmHg; heart 
rate, 74 beats per minute; and breathing, 15 breaths per minute. The abdomen was soft, no mass was palpated, and no 
obvious abnormalities were found on anal examination.

Laboratory examinations
Routine laboratory tests showed no abnormal values, and evaluation of tumor markers revealed a high level of 
carcinoembryonic antigen of 10.1 ng/mL (standard value 0-3.4 ng/mL) and no other significant abnormalities.

Imaging examinations
Colonoscopy revealed a peripheral mass approximately 12 cm away from the anal margin (Figure 1A); gastrointestinal 
angiography revealed space-occupying lesions in the rectum (Figure 1B); colonoscopy revealed moderately differentiated 
adenocarcinoma. Contrast-enhanced computed tomography (CT) and magnetic resonance imaging (MRI) of the rectum 
suggested local thickening of the rectum and neoplastic lesions in the middle and upper parts of the rectum, which was 
considered rectal cancer (T3) (Figure 1C and D). Multiple nodules were observed in the mesorectum, presacral fascia, and 
bilateral iliac vessels and were considered metastatic lymph nodes (N+), but contrast-enhanced CT also revealed no renal 
shadow in the right kidney area; additionally, no renal shadow was found in the left lower abdomen or pelvis, and the 
shape of the kidney was irregular (Figure 2A and B). Subsequently, we performed enhanced MRI of the abdomen and 
pelvis of the patient, first, to rule out the possibility of liver metastasis that could not be detected by CT, and second, to 
take a closer look at blood vessels. There was no renal shadow in the right kidney area, and a shadow in the left 
abdominal or pelvic kidney was considered. A CRE with malrotation and an abnormal internal signal was considered. 
The left renal vein ran behind the abdominal aorta, suggesting posterior nutcracker syndrome (Figure 2C).
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Figure 1 Imaging and endoscopic examination of rectal cancer. A: Colonoscopy shows a continuous intestinal mass 12 cm away from the anal margin; 
B: Digestive tract imaging shows rectal space-occupying lesions; C: Abdominal contrast-enhanced computed tomography shows rectal mass; D: Abdominal 
enhanced magnetic resonance imaging shows rectal mass.

Further diagnostic work-up
The patient was diagnosed with rectal cancer (cT3N + M0) combined with CRE and underwent laparoscopic radical 
resection of rectal cancer combined with D3 Lymph node dissection. During Toldt's space separation, a blood vessel very 
similar to the inferior mesenteric artery (IMA) was found. At the time, given the patient's anatomical variations, the 
surgeon opted not to dissect the blood vessel. Instead, the separation was conducted laterally and anteriorly to Gerota's 
fascia, proceeding from the exterior towards the interior, and the posterior kidney and ureter were protected during the 
operation. With internal and lateral penetration, we found that the blood vessels that were not severed at the beginning 
were the veins of the ectopic kidney. Then, we safely severed the IMA, protected the hypogastric nerves on both sides, 
ensured a sufficient tumor resection margin, severed the intestinal tube, and sent specimens for pathology. The remaining 
descending colon and rectum were moved toward the pelvis, and the descending colon and remaining rectum were 
anastomosed end to end. The operation time was 190 min, and the blood loss volume was 20 mL. Postoperative 
pathological findings revealed that the tumor was a moderately differentiated rectal ulcerative adenocarcinoma with a 
size of 5 cm × 3.5 cm × 1.5 cm. The tumor penetrated deep myometria and reached the peri-intestinal fat (pT3), nerve 
invasion and vascular cancer thrombus were visible, and no lymph node metastasis (pN0) was observed around it, 
corresponding to stage pIIA. The immunohistochemical results were as follows: MLH1 (+), MSH2 (+), MSH6 (+), PMS2 
(+); the Ki-67 index was 80%.

FINAL DIAGNOSIS
Based on the patient's medical history, the final diagnosis was rectal cancer with CRE.

TREATMENT
The patient was discharged from the hospital on the 7th day after surgery. Considering the risk factors associated with 
neuroaggression, the patient was advised to receive XELOX chemotherapy after surgery.
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Figure 2 Imaging examination and example images of crossed renal ectopia. A: Abdominal contrast-enhanced computed tomography Indicating 
crossed renal ectopia (CRE); B: Three dimensional imaging shows both kidneys on the left side; C: The left renal vein is located behind the abdominal aorta; D: 
Schematic diagram of CRE.

OUTCOME AND FOLLOW-UP
Currently, the follow-up patients are still alive.

DISCUSSION
CRE is a rare congenital genitourinary malformation. Its reported incidence is approximately 1 in 2000 individuals, with 
most cases being identified at autopsy[2]. There is a male-to-female ratio of approximately 3:2[3] and CRE can be 
classified into fusion type, nonfusion type and bilateral type. The nonconfluent type refers to an ectopic kidney that 
crosses the midline but does not integrate with the normal kidney parenchyma. The ureter of the ectopic kidney descends 
and crosses the midline, but the ureter drains into the bladder in a normal position. In the fused type, the ectopic kidney 
is usually fused below the normal kidney. Approximately 90% of these lesions are fused, which is commonly observed in 
the left kidney to the right ectopic fusion[4]. In the bilateral type, both kidneys are ectopic and cross the midline with the 
ureter to maintain normal bladder insertion (Figure 2D). This patient rarely had a right kidney to the left that was not 
fused, and some CREs can be accompanied by renal tumors, which are more common in adults. Clear cell carcinoma is 
the most common histological type and is rare in children, with the main type being Wilms tumor[5].

CRE is usually found incidentally during the investigation of other genitourinary problems, and approximately half of 
the patients experience other complications, such as kidney stones, hydronephrosis, and frequent urinary tract infections, 
for which surgical treatment may be the best choice[6]. Fortunately, none of the above symptoms were present in this 
patient.

Therefore, for patients with CRE, anatomical variation increases the risk and difficulty of colon surgery. The most 
important difference between the IMA and both kidneys is the difference in treatment because, for rectal surgery, 253 
lymph nodes located at the root of the IMA sometimes need to be dissected to ensure the quality of D3 Lymph node 
dissection in rectal cancer patients. Therefore, the anatomical relationship between them must be clarified[6]. Maeda et al
[7] reported a patient with a horseshoe kidney with sigmoid colon cancer who benefited from preoperative three 
dimensional (3D) angiography. Because a horseshoe kidney is usually accompanied by abnormalities in blood vessels or 
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the ureter, angiography helps determine the location of these structures. Giani et al[8] performed anterior rectal resection 
surgery on patients with cross-fusion ectopic kidneys using 3D laparoscopy, and 3D laparoscopy technology also 
provided assurance of surgical safety. In our patient, the location of the IMA during the operation was unclear. For safety, 
the lateral approach was decisively changed to ensure that there was no wrong vessel. If necessary, open surgery may be 
considered to ensure a safe radical operation.

During intestinal surgery on patients with CRE, it is imperative to exercise caution to prevent injury to the ectopic 
kidney, ureter, renal vessels, genital vessels, and other structures located behind the peritoneum. Typically, the 
appropriate anatomical space for intervention is Toldt's space anterior to Gerota's fascia. If the dissection is too deep, 
there is a risk of damaging retroperitoneal structures, whereas if it is too superficial, it may result in tumor leakage. 
Additionally, special attention should be paid to safeguarding the bilateral hypogastric nerves adjacent to the bilateral 
common iliac vessels to minimize the impact on urinary and reproductive functions.

CONCLUSION
We recommend that patients with CRE or other renal malformations undergo a comprehensive preoperative evaluation 
to formulate a detailed surgical plan, and relevant angiography should be performed if necessary before surgical 
treatment in accordance with the above principles.
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Abstract
BACKGROUND 
Systemic lupus erythematosus (SLE) is a chronic inflammatory disease primarily 
affecting young females. SLE can invade any organ, and various forms of splenic 
invasion have been reported. Manifestations include splenomegaly and splenic 
infarction, rupture, and calcification. The study encountered a rare case of splenic 
involvement, with nodules of various sizes without calcifications or ruptures.

CASE SUMMARY 
A 15-year-old girl presented with arthralgia, weight loss, fever, increased levels of 
inflammatory markers, and positive antinuclear antibody test results. The patient 
was diagnosed with SLE. She was asymptomatic while taking steroids and hydro-
xychloroquine. Ten months after discharge, the patient developed a fever and 
abdominal pain. Lupus enteritis was suspected, and abdominopelvic computed 
tomography (AP-CT) was performed. There were no specific findings in the 
gastrointestinal tract, but multiple splenic nodules were observed. Infection or 
hemangioma was considered; however, no specific radiological findings were 
observed. A biopsy of the spleen was performed to determine the possibility of 
malignancy. The histological findings of the spleen included extensive periar-
teriolar necrosis with hematoxylin bodies and numerous karyorrhectic debris. 
Based on the biopsy results, the patient was diagnosed with an SLE flare-up and 
was maintained on high-dose steroids and immunosuppressants.

CONCLUSION 
As disease activity increased, multiple nodules in the spleen that were previously 
unseen were observed using AP-CT and histologically confirmed. Spleen invasion 
by SLE can appear in multiple nodular forms and patterns. Therefore, physicians 
should consider these findings when differentiating these nodules from infections 
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and malignancies.
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Core Tip: Systemic lupus erythematosus (SLE) is a chronic inflammatory disease primarily affecting young females. Here, 
the study reports a rare case of a 15-year-old female with SLE. During follow-up, the patient developed splenic involvement 
with nodules of various sizes, which are not typical manifestations. The patient was diagnosed with an SLE flare-up and was 
maintained on high-dose steroids. The study emphasizes the importance of an accurate diagnosis and careful observation of 
rare splenic manifestations of SLE.
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INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic autoimmune disease mainly affecting young females, including those of 
childbearing age[1]. SLE is commonly observed in children, and less than 20% of all cases occur at a young age[2]. SLE 
can invade organs of the body, resulting in various symptoms. Spleen invasion often manifests as splenomegaly, splenic 
infarction, and rupture[3]. Similar to other rheumatic diseases, such as rheumatoid arthritis and systemic sclerosis, splenic 
calcification may occur in SLE[4]. It is often necessary to differentiate SLE from other diseases, such as infections or 
malignancies; thus, understanding the various clinical findings in the affected organs is crucial. Herein, the study reports 
a rare case of splenic involvement with nodules of various sizes in a 15-year-old girl with SLE.

CASE PRESENTATION
Chief complaints
A 15-year-old female patient presented to the Department of Rheumatology with a 3-month history of multiple articular 
pain and weight loss.

History of present illness
The patient was admitted to our hospital. Approximately 3 months before admission, she experienced weight loss of 6 kg 
and pain in both shoulders and knees. She had left pleural pain and a fever of up to 38.3 °C that began 2 wk before 
admission. She also had bilateral pelvic pain that began 1 wk before admission.

History of past illness
She had no relevant medical history.

Personal and family history
Personal or family history was unremarkable.

Physical examination
Physical examination revealed a blood pressure of 100/66 mmHg, pulse rate of 115 beats/min, and respiratory rate of 20 
breaths/min. Her body temperature was 36.5 °C at the time of admission.

Laboratory examinations
Laboratory results showed normal levels of white blood cells (3.89 × 103/μL); lymphocytes (0.65 × 103/μL); hemoglobin 
(8.6 g/dL); platelet (331 × 103/μL); C-reactive protein (1.25 mg/dL); erythrocyte sedimentation rate (63 mm/h); serum 
creatinine (0.43 mg/dL); antinuclear antibodies (1:1280 with a homogeneous pattern); anti-double-stranded DNA 
antibodies (2470.4 IU/mL) (normal range < 7); complement component 3 (70.6 mg/dL) (normal range: 70-206); and 
complement component 4 (6.3 mg/dL) (normal range: 11-61). The patient tested positive for anti-cardiolipin IgG (46.0 
GPL) (normal range < 23), anti-Ro (2.43 AI) (normal range ≤ 0.90), anti-La (6.60 AI) (normal range ≤ 0.90), anti-Smith (1.93 
AI) (normal range ≤ 0.90), and anti-RNP antibodies (6.69 AI) (normal range ≤ 0.90). Proteinuria was not observed on 
urinalysis. All bacterial cultures and tuberculosis yielded negative results.
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Imaging examinations
Left costophrenic angle blunting was observed during chest examination, and electrocardiography showed sinus 
tachycardia.

FINAL DIAGNOSIS
SLE was diagnosed based on clinical symptoms, antibody test results, and blood test results, according to the 2012 
Systemic Lupus International Collaborating Clinics criteria[5].

TREATMENT
High-dose steroids, hydroxychloroquine, and nonsteroidal anti-inflammatory drugs were administered, and almost all 
symptoms improved. After the prednisolone dose reduction to 20 mg, outpatient follow-up was performed every 2 or 4 
wk. Afterward, the prednisolone dose was gradually reduced to 5 mg. Additionally, the interval between outpatient 
visits was increased to 2 months. Topical tacrolimus was administered because of facial malar rash and photosensitivity.

OUTCOME AND FOLLOW-UP
Two months after the last visit, she presented to the hospital with nausea, abdominal pain, weight loss of 3 kg, and a fever 
of up to 38.2 °C. Abdominopelvic computed tomography (AP-CT) was performed to rule out lupus gastroenteritis or 
other infections. Imaging revealed no specific findings in the gastrointestinal tract. However, splenomegaly with a 
maximum diameter of 11.8 cm was observed. Additionally, several round, low-density nodules with a maximum 
diameter of 4 cm were observed in the spleen (Figure 1). The results of the interferon-gamma release assay, cytomega-
lovirus polymerase chain reaction, and Epstein-Barr virus polymerase chain reaction were all negative, and reticulocytes 
were normal. According to the radiologist, it was necessary to differentiate between hemangiomas and hematologic 
malignancies in the splenic nodules. First, a red blood cell single-photon emission computed tomography (CT) was 
performed to discriminate between hemangiomas. Cold lesions were found, and hemangiomas were excluded. 
Hematologic malignancy could not be ruled out; therefore, positron emission tomography-CT (PET-CT) was performed, 
and the left sternoclavicular lymph node [maximum standardized uptake value corrected for lean body mass (SULmax), 
3.6], right axillary lymph node (SULmax, 2.7), and splenic fluorodeoxyglucose (FDG) uptake (SULmax, 3.1) increased 
(Figure 2). A sternoclavicular lymph node biopsy was performed because the possibility of lymphoma could not be ruled 
out. Histological findings revealed extensive subcapsular necrosis with hematoxylin bodies, suggesting a high possibility 
of SLE (Figure 3), and a scheduled splenectomy was performed after the pneumococcal vaccination was administered. 
Macroscopic examination of the spleen revealed round nodules without calcification or rupture of approximately 13 cm × 
8 cm in diameter (Figure 4). The histological findings of the spleen included extensive periarteriolar necrosis with 
hematoxylin bodies and numerous karyorrhectic debris. These findings were diagnostic of SLE activation; however, there 
were no findings suggestive of infection or malignancy (Figure 5). Subsequently, the patient was diagnosed with an SLE 
flare-up, and high-dose steroids and immunosuppressants were administered. Since then, the overall symptoms have 
improved, and she has been undergoing follow-up without any specific symptoms.

DISCUSSION
SLE can invade multiple organs and presents with various clinical symptoms and imaging findings. Previous case reports 
have described calcified fibrotic nodules of various sizes in the spleen of patients with SLE[4,6]. Splenic calcifications 
form granulomas caused by histoplasma infection; other causes include tuberculosis, Brucella infection, and auto-
infarction[6]. However, there were no suggestive findings or history of infection in this case. Splenomegaly is common in 
patients with SLE. It is associated with lymphoid hyperplasia, enlarged lymphoid follicles, and SLE activation. The 
activation of macrophages and plasma cells around the arterioles also contributes to splenomegaly[3]. In this case, the 
previously reported splenic calcifications, ruptures, and atrophy were not observed. As far as we know, there have been 
no splenic multiple nodules that were not accompanied by these changes. Instead, AP-CT revealed round, low-density 
nodules of various sizes and splenomegaly. Lymphoma could not be ruled out because of the increased FDG uptake in 
the spleen and various lymph nodes observed on PET-CT. PET-CT has also shown lymphadenopathy and increased FDG 
uptake in patients with SLE[7]. Furthermore, the risk of non-Hodgkin lymphoma has been reported to increase in patients 
with SLE[8,9]. Additionally, because changes in the shape of nodules of various sizes in the spleen were not previously 
known to be associated with SLE flare-ups, a biopsy was performed to confirm the diagnosis. One study reported a low-
density splenic nodule in a patient with lupus. However, aseptic necrosis and infarction were also observed[10]. Many 
SLE patients show positive antiphospholipid antibodies, and these antibodies are involved in splenic infarction and 
necrosis through the upregulation of surface adhesion molecules and the release of proinflammatory cytokines and 
procoagulants[11-13]. In this case, periarteriolar necrosis was observed during histological examination, but infarction, 
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Figure 1 Abdominopelvic computed tomography images of the patient. A and B: Multiple low-density nodules up to 4 cm in the spleen.

Figure 2 Positron emission tomography-computed tomography  images of the patient. A: Multiple hypermetabolic lymph nodes of various sizes 
along the left supraclavicular lymph node (SULmax, 3.6); B: Right axillary lymph node (SULmax, 2.7); C: Uneven hypermetabolic activities (SULmax, 3.1) observed in 
the spleen.

Figure 3 Histopathological findings of the lymph node. A: Lymph node biopsy reveals extensive subcapsular necrosis with hematoxylin bodies 
(hematoxylin and eosin stain, × 200); B: Higher magnification shows abundant crescentic histiocytes, abundant karyorrhectic debris, and small hematoxylin bodies 
(hematoxylin and eosin stain, × 400).

necrosis, and calcification were not clearly observed during imaging. The histological examination revealed hematoxylin 
bodies, crescentic histiocytes, and abundant karyorrhectic debris.
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Figure 4 Gross findings after laparoscopic splenectomy. A and B: Multiple nodules observed on the surface of the spleen. No other specific findings were 
noted.

Figure 5 Histological findings of the spleen. A: Extensive periarteriolar necrosis with hematoxylin bodies (hematoxylin and eosin stain, × 100); B: Higher 
magnification of hematoxylin bodies and abundant karyorrhectic debris (hematoxylin and eosin stain, × 400).

CONCLUSION
In this case, as disease activity increased, multiple nodules in the spleen that were previously unseen were observed on 
AP-CT and histologically confirmed. Thus, the invasion of the spleen by SLE can appear in multiple nodular forms and 
patterns without calcifications or ruptures. Physicians should consider these findings in order to differentiate them from 
other infections or malignancies.
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Abstract
The application of machine learning (ML) algorithms in various fields of hepa-
tology is an issue of interest. However, we must be cautious with the results. In 
this letter, based on a published ML prediction model for acute kidney injury after 
liver surgery, we discuss some limitations of ML models and how they may be 
addressed in the future. Although the future faces significant challenges, it also 
holds a great potential.

Key Words: Machine learning; Liver surgery; Artificial intelligence; Random forest; Pre-
diction model

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

Core Tip: Artificial intelligence is trending topic in healthcare research. Machine 
learning classifiers have been explored in the field of liver surgery and liver trans-
plantation. However, despite of promising results, a real applicability is limited by 
several factors.

Citation: Calleja R, Durán M, Ayllón MD, Ciria R, Briceño J. Machine learning in liver surgery: 
Benefits and pitfalls. World J Clin Cases 2024; 12(12): 2134-2137
URL: https://www.wjgnet.com/2307-8960/full/v12/i12/2134.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i12.2134

TO THE EDITOR
We read with interest the retrospective study by Dong et al[1] that developed a 
machine learning (ML) prediction model for acute kidney injury (AKI) following liver 
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resection (LR). We thank the authors for their work and contribution in this field. LR is the first-line treatment of various 
liver lesions. However, the reported incidence of AKI after LR ranges from 10% to 15%[2], significantly impacting patient 
morbidity and mortality. Hence, identifying factors that may lead to the development of AKI is relevant. Dong et al[1] 
explored the potential contribution of ML classifiers to this issue.

The authors analyzed a retrospective cohort of 2450 patients and trained and validated four ML classifiers (logistic 
regression, random forest, support vector machine, extreme gradient boosting, and decision tree). The training 
methodology (10-fold cross-validation) and validation (a holdout technique with 30% patterns) were adequate. Random 
forest exhibited the highest performance [area under the curve (AUC) = 0.92] among the classifiers. Although the results 
were satisfactory, certain considerations must be addressed.

First, the rate of missing values should be reported because it can affect model training, subsequently affecting model 
performance and generalizability. Hence, random forest classifiers are the best algorithms for a significant rate of missing 
values[3]. Conversely, if this rate is low, artificial neural networks (ANNs) could offer promising dataset results. Second, 
several factors reported in the literature are associated with AKI after LR, such as major hepatectomy, surgery duration, 
hepatojejunostomy, increased Model for End-Stage Liver Disease score (MELD), and blood transfusion[2,4-8]. Among 
these factors, only surgery duration was included in the baseline characteristics. The inclusion of these variables may 
have increased the robustness of the model. Finally, performing external validation is challenging. Differences between 
the training and external validation cohorts may impact model accuracy. Therefore, a prospective validation may be an 
alternative.

Some recent studies in ML applications ranges from protein structure prediction or COVID-19 diagnosis from X-ray 
images to optimizing donor-recipient matching to reduce waitlist mortality or improve post-transplant outcomes[9-11]. 
Our experience in the field of ML in liver surgery started from liver transplantation and efforts primarily focused on 
improving donor-recipient matching. Using graft survival as the endpoint, we developed an ANN model that achieved 
an AUC of approximately 0.8212[12]. This method was validated in an external cohort and improved AUC by 15%[13]. 
This ANN was integrated into a rule system with the MELD score to prioritize graft allocation. Although this method was 
explored in the United Network of Organ Sharing database, limited results were obtained because of a significant 
proportion of missing values were found[14]. Dong et al[1] found that the model performance was better than the current 
scores for AKI prediction. Similarly, we reported the difference of ML models that outperformed traditional scores, such 
as MELD, Survival Outcomes Following Liver Transplantation score, Donor Risk Index score, and Balance of Risk score 
(Figure 1). In medicine, certain variables do not necessarily have to assume a linear relationship. Hence, ML models are 
superior to statistical methods (linear regression), from which most of these scores are derived[15]. However, these 
findings may be attributed to model overtraining; therefore, validation is required.

Figure 1 External validation of artificial neural network models[13]. The performance obtained by these models is compared to other published score in 
terms of area under curve. A receiver operating characteristic curve depicts these metrics. Artificial neural network models based on the concept of minimum 
sensitivity and correct classification rate are represented such as sig minimum sensitivity and sig correct classification rate respectively. These models outperformed 
other traditional scores such as Model for End-Stage Liver Disease, Model for End-Stage Liver Disease score excluding exception points and donor age, Survival 
Outcomes Following Liver Transplantation, Preallocation Survival Outcomes Following Liver Transplantation, Donor Risk Index or Balance of Risk. CCR: Correct 
classification rate; MS: Minimum sensitivity; MELD: Model for End-Stage Liver Disease score; DMELD: Model for End-Stage Liver Disease score excluding exception 
points and donor age; SOFT: Survival Outcomes Following Liver Transplantation score; P-SOFT: Preallocation Survival Outcomes Following Liver Transplantation 
score; DRI: Donor Risk Index score; BAR: Balance of Risk score; AUC: Area under curve; KCH: Kings College Hospital; ROC: Receiver operating characteristic. 
Citation: Ayllón MD, Ciria R, Cruz-Ramírez M, Pérez-Ortiz M, Gómez I, Valente R, O'Grady J, de la Mata M, Hervás-Martínez C, Heaton ND, Briceño J. Validation of 
artificial neural networks as a methodology for donor-recipient matching for liver transplantation. Liver Transpl 2018; 24: 192-203. Copyright© The Authors 2018. 
Published by Wolters Kluwer Health, Inc.

The most significant lesson learned from using these models is their high dependency on the datasets on which they 
were trained. This issue affects the practical applicability. Retrospective data, external validation, the “black box issues” 
in ANN, and data-protection policies are considered significant contributing factors. To overcome these barriers, better 
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data-handling policies are needed. Applicability relies on the clinicians’ confidence in using these models. Therefore, if 
external validation is impossible (region-specific rather than universal models), prospective validation should be 
considered. Moreover, the databases must be updated regularly to reinforce the learning of these models. Clinical 
scenarios are dynamic, and models must change accordingly.

Recently, interest in artificial intelligence and ML has increased. They can handle large amounts of data quickly and 
yield accurate results. However, we must note the limitations of these models and address them to achieve a real 
integration.
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