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Abstract 
Background: Adult hemophagocytic syndrome is a critical condition that is 
often difficult to diagnose and results in a bad prognosis because of the lack of 
effective and unified treatment. Aim: To investigate the clinical, diagnosis and 
treatment of hemophagocytic syndrome. Case Presentation: A 22-year-old 
female patient received a splenectomy, and the spleen was sent to the King 
Med Center of Medical Inspection. The results confirmed the diagnosis of 
hemophagocytic syndrome related to EB (Epstein-Barr) virus infection. Con-
clusion: Early diagnosis and early intervention are important factors for af-
fecting the progression of the disease and improving its prognosis. 
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1. Introduction 

Hemophagocytic syndrome (HS) is a clinically rare autoimmune disease that is 
characterized in clinical practice by fever, hepatomegaly, splenomegaly, pancy-
topenia, and hemophagocytosis in the bone marrow, liver, spleen, and lymph 
nodes. Scott and Rob-Smith have reported a neoplastic disorder, showing he-
mophagocytosing histiocytes and systemic proliferation of the precursors of his-
tiocytes in 1939. 

The diagnosis of HS includes a spectrum of inherited or acquired defects in 
cytotoxic lymphocyte function, often with uncontrolled infections. HS may also 
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arise as the result of persistent antigen stimulation due to autoimmune disease 
or malignancy. HS is often described in binary terms as “primary,” indicating 
Mendelian inheritance of gene mutations resulting in cytotoxic lymphocyte dys- 
function, or “secondary” indicating an acquired reactive disorder. Increasing 
evidence describes HS as more complex phenomenon, resulting from specific 
immune challenges in patients with a susceptible genetic background. Early rec-
ognition of HS and evaluation of potential causes is critically important, as sur-
vival generally requires urgent treatment with immune suppression and resolu-
tion of the activating antigen. However, the diagnosis of HS is challenged by the 
myriad of pathways that lead to pathologic inflammation and the clinical overlap 
with other conditions. Further improvements in therapy will require prospective 
trials to define optimal strategies for each patient based on the individual paths 
that lead to pathologic inflammation. This paper is a case and literature review 
that focuses on one HS patient who was admitted to and treated in the First cen-
tral hospital of Tianjin. 

2. Case Report 
2.1. Patient and Procedures 

A 22-year-old female patient presented at the local hospital on June 30, 2013, 
with an intermittent fever accompanied by pancytopenia for >1.0 month. The 
patient’s fever of 38.5˚C began without obvious inducement; she experienced a 
slight intolerance to cold. After taking ibuprofen, the patient’s body temperature 
somewhat decreased; however, the fever returned without obvious chills and 
reached a high of 39.5˚C. Local treatment with infusion of antibiotics, such as 
penicillin, had some therapeutic effect; however, the fever returned without pha- 
ryngalgia, cough, phlegm, headache, nausea, vomiting, urodynia, diarrhea, ab-
dominal pain, urgent urination, or frequent micturition.  

On May 24, 2013, a bone marrow aspiration procedure and physical examina-
tions and tests, such as a positron emission tomography-computed tomography 
(Graph 1), were performed on the patient in the Second People’s Hospital of 
Huaian; a malignant lymphoma was not excluded. On June 16, 2013, the patient  

 

 
Graph 1. Positron emission tomography-computed tomography. 
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had diagnostic chemotherapy with a regimen comprising Cytoxan® (cyclophos-
phamide), Adriamycin® (hydroxy doxorubicin), vincristine (Oncovin®), and 
Prednisone (CHOP). On the second day of chemotherapy, the patient’s body 
temperature was under control; however, the fever returned 2.0 d later and a re-
gimen of cefepime with peroral Voriconazole did not relieve the condition. The 
patient was given imipenem combined with vancomycin, acyclovir, and foscar-
net sodium therapy for 1.0 week, but there was no obvious improvement and she 
was admitted into the hospital for further treatment.  

2.2. Patient Data 

On admission, the patient received a full physical examination. She appeared to 
have mild anemia with pale skin and mucosae, but no yellow staining, rash, or 
hemorrhagic spots. There were several movable, swollen lymph nodes with a 
maximum diameter of ~1.0 cm in the middle on the neck and under the armpit 
but no tenderness. The sclera was not yellow. The abdomen was flat without 
tenderness or rebound tenderness. The liver was felt 7.0 cm below the subcostal 
margin and the spleen was felt 11 cm below the subcostal margin.  

Routine blood tests showed the following data: white blood cell count, 2.98 × 
109/L, hemoglobin (Hb), 74.00/L, platelet count (PLT), 23.00 × 109/L, C-reactive 
protein, 7.57 mg/dL, plasma thromboplastin antecedent, 73%, thrombin time, 
23.00 s, fibrinogen, 1.17 g/L, D-dimer 4004.16 μg/L. The bone marrow examina-
tion showed the presence of was erythrocytosis, guanulocytosis, and thrombo-
cytosis accompanied by unidentifiable cells that were further inspected. Epstein- 
Barr (EB) virus DNA 4.63 × 105 copies/ml.  

2.3. Pathology Reports 

The results from pathological examinations showed that hyperplasia of the he-
mopoietic tissue was active and guanulocytosis was obvious (Graph 2). The  
 

 
Graph 2. The results from pathological examinations. 
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patient’s anemia was corrected by an infusion of red blood cells. After receiving 
hormonotherapy for 1.0 week, the blood platelet count became normal and the 
spleen obviously retracted. After the condition was stable, a splenectomy was 
performed under general anesthesia on August 2, 2013. The extracted tissue was 
sent to the King Med Center of Medical Inspection. The results from the pa-
thology tests indicated that hemophagocytic syndrome related to EB virus infec-
tion was the first consideration, and a T-cell receptor (TCR) examination was 
recommended to check for extranodal lymphoma, which was later ruled out 
from the TCR results.  

The diagnostic criteria for hemophagocytic lymphohistiocytosis (HLH) from 
the International Tissue and Cell Society drafted in 2004 are as follows [1]: 1) a 
fever ≥38.5˚C for >7.0 d; 2) splenomegaly (≥3.0 cm below the costal margin); 3) 
peripheral blood cytopenia (reduction of more than two items in the blood rou-
tine examination); Hb < 90 g/L, ANC < 1.0 × 109/L, PLT < 100 × 109/L and not 
caused by bone marrow hematopoietic function reduction; 4) hypertriglyceri-
demia ≥ 3.0 mmol/L or hypofibrinogenemia ≤ 1.5 g/L; 5) increase in hemato-
phages in the bone marrow, spleen, and lymph nodes; no evidence of a malig-
nant tumor; 6) serum ferritin ≥ 500 µg/L; 7) reduction or deficiency in the activ-
ity of natural killer cells; and 8) soluble CD25 ≥ 2400 U/mL. If a patient meets 
five of the above criteria, he or she can be diagnosed with secondary HLH. This 
patient met items one through seven; therefore, a clear diagnosis was made. The 
patient’s family was informed of her condition and the patient was advised to 
undergo further standard treatment; however, she refused because of economic 
factors and was discharged from the hospital. She was never reexamined in our 
hospital and there was no follow up. 

3. Discussion 

HS, also known as HLH, is reactive histiocytosis [2] that is characterized mainly 
by fever, hepatomegaly, splenomegaly, pancytopenia, and hemophagocytosis 
occurring in the bone marrow, liver, spleen, and lymph nodes [3] [4]. Its patho-
genesis is not completely clear but it is now considered an immunological de-
rangement characterized by out-of-control activation of T lymphocytes and ma-
crophages. 

HS is divided into either the primary and acquired condition [5]. Primary HS, 
namely familial hemophagocytic lymphohistiocytosis, is an autosomal recessive 
disorder that often attacks infants; some HS cases are triggered by a viral infec-
tion and most result in an unfavorable prognosis. Its 5.0-year survival rate is on-
ly 7.0%. HS was first reported by Farquhar et al. [6] in 1952. HLH includes infec-
tion-associated hemophagocytic syndrome (IAHS) and malignant tumor he-
mophagocytic syndrome (MAHS). Most IAHS cases are caused by viruses such 
as EB, cytomegaloviruses, hepatitis E, and hepatitis B, and bacteria, such as 
Escherichia coli, Streptococcus pneumoniae, Salmonella typhi, and a serotype of 
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S. enterica [7] [8]. Most MAHS cases are caused by malignant lymphoma. 
The progression of HS is swift and violent, is often misdiagnosed, and has fa-

tality rates. In particular, it is difficult to distinguish primary from acquired HS. 
The initial diagnosis of primary HS requires a complete patient history, includ-
ing childhood diseases and any family members who tested positive for the con-
dition; however, in recent years with continuous improvement of diagnostic cri-
teria these requirements have changed. Individual cases of primary adult HS are 
regularly reported. The oldest patient on record is a 62-year-old male reported 
by Nagafuji et al. [9], and the Beijing Friendship Hospital reported a 48-year-old 
male patient with primary HS [10]. The HLH-2004 Diagnostic Guide formulated 
by the International Tissue and Cell Society clearly points out that a genetic de-
fect is the standard by which to distinguish primary from acquired HS. An infec-
tion, especially a viral infection, can not only be the pathogeny of acquired HS, 
but can also coexist with primary HS [11]; therefore, primary and acquired HS 
should not be distinguished only by age, positive family history, infections, and 
diseases such as tumors, and gene screening is the gold standard by which to di-
agnose and distinguish the condition. Because gene screening was not performed 
on this patient, the subtype of her disease could not be determined. In the past 
10 years, five gene mutations relating to familial hemophagocytic lymphohisti-
ocytosis (FHL) have been successively authenticated and recognized (Table 1) 
[12]. 

There is no effective treatment for HS. It is dormant in its early stages, but 
critical in the acute stages with a bad prognosis. About one-half of HS patients 
die mainly from hemorrhage, infection, multiple organ failure, and disseminated 
intravascular coagulation. The key to HS treatment is early diagnosis and early 
inhibition of the uncontrollable activity of lymphocytes and macrophages. Janka 
et al. [13] advised that HS be treated with dexamethasone + etoposide + cyclos-
porine + immunoglobulin. Shin et al. [14] reported that treatment with the 
CHOP scheme is also effective. The therapeutic schedule of HS revised by the 
International Tissue and Cell Society in 2004 is large doses of dexamethasone, 
etoposide, and ciclosporin A. If there is a central nervous system symptom that 
cannot be relieved with dexamethasone treatment for 2.0 weeks, methotrexate  

 
Table 1. OMIM classifications of familial hemophagocytic lymphohistiocytosis. 

Code Disease type Genetic locus Relevant genes 

#267700: FHL1 9q21.3-q22 Not clear yet 

#603553: FHL2 10q22 PRF1 

#608898: FHL3 17q25.1 UNC13D 

#603552: FHL4 6q24 STX11 

#613101: FHL5 19p13 STXBP2 

FHL: familial hemophagocytic lymphohistiocytosis; OMIM: online Mendelian inheritance in man. 
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can be injected into the spinal column [15]. Some researchers suggest that if 
there is a bad curative effect or an adverse drug reaction administering the HLH- 
2004 therapeutic protocol, the treatment should be properly modified. For ex-
ample, VP-16 can be replaced with 150 mg/m2 teniposide per week and cyclos-
porine A (CsA) with peroral mycophenolate mofetil, or VP-16 can be replaced 
with mycophenolate mofetil plus CsA. If the disease is related to EB infection, 
ganciclovir can be added as a treatment. For cases without remission, treatment 
as follows was reported to be a remedial measure: anti-human thymocyte globu-
lin (ATG), antagonists against tumor necrosis factor alpha (TNF-α) directly, anti 
CD52 monoclonal antibody, anti CD20 monoclonal antibody, and fludarabine. 
Because most HS cases are seen in children, most therapeutic regimens are rec-
ommended based on clinical research on children; therefore, the sensitivity and 
specificity of those regimens to adults need further research. The lack of diag-
nostic criteria of adult HLH makes the difficult diagnosis even harder; therefore, 
it is necessary to formulate HLH diagnosis and treatment standards.  

4. Conclusion 

Adult HLH is a critical condition that is often difficult to diagnose and results in 
a bad prognosis because of the lack of effective and unified treatment. Early di-
agnosis and early intervention are important factors for affecting the progression 
of the disease and improving its prognosis. In clinical practice, when children or 
adults have a fever, hepatosplenomegaly, lymphadenectasis, and a significantly 
abnormal ferritin level, this disease should be considered. 
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Abstract 
Background: Myelodysplastic syndromes (MDS) are subtypes of hematologi-
cal disorders which are known to have partial bone marrow dysplasia, peri-
pheral cytopenia, and later on an increased risk to develop acute myeloid leu-
kemia. Chromosomal aberrations are detected in ~50% of cases of de novo 
MDS cases and the most common chromosomal abnormalities of this entity 
include complete or partial monosomy of chromosomes 5 and 7, partial dele-
tion of 20q and 12p, trisomy 8, and 11q23 aberrations. A few primary and/or 
secondary MDS cases combined with other cancer have been reported. Case 
Presentation: We report here an adult MDS associated with squamous cell 
carcinoma (SCC). G-banding and array-proven multicolor banding (aMCB) 
revealed an unbalanced translocation der(7)t(1;7)(q21;q21), which led to 1q 
partial trisomy and 7q partial monosomy. Immunophenotype of this case was 
consistent with refractory anemia with excess of blasts (RAEB-2) according to 
World Health Organization (WHO) classification. Conclusions: As far as we 
know, this is the first adult MDS case associated with SCC and an unbalanced 
translocation t(1;7). Our patient received first cycle of azacitidine treatment 
and he showed bilateral pleural effusion as a secondary event. This toxicity is 
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not limited to the first cycle as in previous MDS cases; our case is the first one 
to shown this toxicity as a secondary event of azacitidine treatment. As less 
than 10 cytogenetcially comparable cases without SCC were reported before in 
male MDS, we carefully conclude that this cytogenetic aberration may be a 
hint on a new gender associated MDS subgroup. 
 

Keywords 
Myelodysplastic Syndrome (MDS), Cytogenetics, Fluorescence in Situ  
Hybridization (FISH), Squamous Cell Carcinoma (SCC), Prognostic Factors 

 

1. Introduction 

Myelodysplastic syndromes (MDS) belong to the hematological disorders. Cha-
racteristics for them are ineffective hematopoiesis, bone marrow dysplasia, pe-
ripheral cytopenia, and an increased risk to progress to an acute myeloid leuke-
mia (AML). Epidemiology, surveillance, and clinical outcome of these acquired 
disorders support the view that MDS is an increasingly prevalent disease being 
predominant in advanced age (median age of 71 years). On the other hand MDS 
in childhood and young adult is reported. MDS has historically been categorized 
into two subtypes denominated as de novo or primary MDS and the secondary 
or therapy-related MDS (t-MDS) due to previous treatment regimens [1]. Chro- 
mosomal aberrations are detected in ~50% of cases of de novo MDS; here t-MDS 
cases show the highest prevalence of cases with such acquired genetic changes, 
i.e. 90%. The most common chromosomal abnormalities in MDS include mo-
nosomy of chromosomes 5 and/or 7, partial deletions of 5q, 7q, 20q and 12p, 
trisomy 8 and/or rearrangements including chromosomal subband 11q23 [2].  

Oral squamous cell carcinoma (OSCC) is the entity being present in more 
than 90% of cases with SCC [3]. However, the etiology of OSCC is multifacto-
rially-based and can be caused by tobacco, alcohol, syphilis, sunlight, radiation, 
phenol, viruses, malnutrition and/or iron deficiency anemia. Recent advances in 
OSCC research identified molecular—in parts diagnostically relevant—markers 
including oncogenes, tumor suppressor genes, cell proliferation markers, and 
intercellular adhesion molecules [4]. Yet only few primary and/or secondary 
MDS cases combined with other cancer are described in the literature [5]-[10]. 

Aberrations of chromosome 1 were identified to play a role in malignancies 
including MDS [4]. Trisomy or duplication of the long arm of chromosome 1 is 
the most frequent abnormality in MDS [6]. Literature survey on cytogenetic ab-
normalities involving chromosome 1 in myeloid neoplasms has highlighted 
chromosomal region 1q12-23 to be most often affected by gain of copy numbers 
[6]. 

Here, we report an MDS case associated with SCC that showed partial trisomy 
1q21-qter together with a break in 7q21 due to a derivative chromosome 7. The 
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patient showed bilateral pleural effusion as a secondary event after first cycle of 
azacitidine treatment. 

2. Case Presentation  

A 28-year-old male, his social history was significant for 8 years smoking of cig-
arette (one pack per day), without familial medical history of cancer, presented 
with an 8 months history of moderately differentiated SCC in the left soft palate 
(for further details see Table 1). He was pale but lymph nodes were not en-
larged. His past medical history was remarkable for polio virus infection, too.  
 

Table 1. Clinical history of the patient together with diagnostic results and treatment. 

Date Symptoms Analyses Treatment Notes 

24 Nov 2012 

Moderately differentiated SCC in the 
left soft palate (ulceration and hard 
osteonecrosis of soft palate) + partial 
loss of vision in the left eye +  
pancytopenia [Leucopenia (WBC 2.6 
× 109/l), neutropenia (1.2 × 109/l); 
anemia (Hgb 7.9 g/dl);  
thrombocytopenia (Plt 46 × 109/l). 

Vit(B12) 138 pg/ml 
(normal value 243 - 
1100), and Vit(B9) 5.47 
ng/ml (normal 2.8 - 21). 
• Bone marrow (BM) 

smear showed almost 
20% of blats 

8 cycles  
radiotherapy for 2 

months 

Stooped radiotherapy because the  
pancytopenia continues (WBC 1.9 × 109/l), 
neutropenia (1.1 × 109/l); Hgb 10.6 g/dl);  
Plt 39 × 109/l). 
• Vit(B12) deficiency was treated but still 

suffered from pancytopenia. 

03 Dec 2013 

Peripheral blood (PB) showed  
pancytopenia (WBC 2.6 × 109/l), 
neutropenia (1.2 × 109/l);  
Hgb 7.9 g/dl); Plt 46 × 109/l). 

Cytogenetic analyses and 
immunophenotyping 
were done at this point. 

 

• Banding cytogenetics revealed a  
karyotype 46,XY,der(7)t(1;7)(?;?)[11]/ 
46,XY[9] 

• Immunophenotyping result suggested 
RAEB-2 according to WHO classifica-
tion. 

• He received several blood Transfusions. 

15 Dec 2013 
Peripheral blood (PB) showed  
pancytopenia. 

 

Thalidomide 
(50mg three times 
per day) for two 

weeks 

 

31 Dec 2013 Intolerance of Thalidomide drug.   
Severe nausea, Syncope, Neuropathy. 
He received blood transfusions. 

07 Jan 2014 

He received several blood  
transfusions. PB showed  
pancytopenia (WBC 1.6 × 109/l), 
neutropenia (1.1 × 109/l); Hgb 6.7 
g/dl); Plt 92 × 109/l). 

 
Suggested Vidaza 

(Azacitidine) 
No Azacitidine treatment because the politi-
cal situation in his country. 

11 Feb 2014   

He received 
Azacitidine 
(75 mg/m2) 

(first cycle in the 
first day) 

He received several blood Transfusions. PB 
showed pancytopenia (WBC 1.8 × 109/l), 
neutropenia (1.1 × 109/l); Hgb 7.4 g/dl);  
Plt 67 × 109/l). 
Later he had bilateral pleural effusion, and 
heavy ascites. 

24 Feb 2014 The patient was lost during follow-up. 



A. Wafa et al. 
 

521 

Banding cytogenetics after radiotherapy revealed a karyotype of  
46,XY,der(7)t(1;7)(?;?)[11]/46,XY[9] (Figure 1). Further studies were performed 
based on molecular cytogenetics (Figure 2). Dual-color-Fluorescence in situ hy-
bridization (D-FISH) using a specific whole painting probe (WCP) for chromo-
somes 1 and 7 showed an unbalanced translocation between chromosomes 1 and 
7 (data not shown). Array-proven multicolor banding (aMCB), using probes for 
chromosomes 1 and 7 (Figure 2) indicated for the following final karyotype: 
46,XY,der(7)t(1;7)(q21;q21)[11]/46,XY[9].  

Immunophenotyping on bone marrow specimen characterized this case as re-
fractory anemia with excess blasts (RAEB-2) according to WHO classification. 
Granulocytes and monocytes showed low side scatter profile. The CD34+ cell 
population represented 11% of gated cells. This population was positive for 
CD45dim, CD33, MPO and expressed CD13 and CD15 heterogeneously/dimly. 
This cell population was negative for HLA-DR, CD14 and lymphocytes markers.  

3. Discussion 

Here, we report the first MDS case associated with SCC in the literature. In bone 
marrow an unbalanced der(7)t(1;7)(q21;q21) was found to be associated with 
MDS. In addition, our patient showed bilateral pleural effusion as a secondary 
event after received first cycle of azacitidine treatment. Complete or partial tri-
somy of the long arm of chromosome 1 (subbands (p10) and/or (q10)) is a re-
current anomaly of pediatric MDS both de novo and therapy-relatedmones. In 
 

 
Figure 1. GTG-banding revealed the following karyotype: 46,XY,der(7)t(1;7)(q21;21). All 
derivative chromosomes are marked and highlighted by arrow heads. 
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Figure 2. Array-proven multicolor banding (aMCB) results are shown. The 
normal chromosomes (#) are depicted on the left side of each image and the 
derivative of the two chromosomes on the right side of normal chromosomes. 
The unstained regions when suing chromosome-specific aMCB-probe sets on 
the derivative chromosomes are shown in gray. Abbreviations: # = chromosome; 
der = derivative chromosome. 

 
majority of the cases this imbalance appears secondary to an unbalanced trans-
location where the more frequent partner is chromosome 7, involving subbands 
(p10) and/or (q10) [11]. However, unbalanced whole-arm translocations of 1q 
may involve different chromosomes [12]. Derivatives of these translocations 
have been shown to be dicentric in few cases such as dic(1;7) and dic(1;15) [9] 
[13]. Very few data are available about translocation t(1;7), which has been iden-
tified in 11 MDS cases involving short and/or long arms of the both chromo-
somes before, as reported in the Mitelman Database [12]. Among those MDS 
patients carrying a translocation t(1;7), two had MDS not otherwise specified, 
three a refractory anemia (RA), two had RA with ring sideroblasts, and four RA 
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with excess blasts (RAEB) [12]. Notably, the majority of MDS patients showing 
translocation t(1;7) described to date and including the present case report, were 
male, thus, although the number of reported cases is still limited, unbalanced 
translocation t(1;7) seems to preferentially associate with male sex [12]. In addi-
tion, the chromosomal bands 1p21 and 7q21 are involved in chromosomal rear-
rangements in 62 and 66 cases, respectively [12]. Moreover, Tassano et al. [10] 
described a two (t-MDS) cases following chemo/radiotherapy for a primary solid 
tumor of neural crest origin, in the both cases the same subband 1q21 was in-
volved. To the best of our knowledge, the present case report is the first one to 
observe an adult MDS case accompanied by SCC with unbalanced translocation 
t(1;7)(q21;q21) leading to partial trisomy of 1q [12]. 

Aberrations of long arm of chromosome 1 (1q) are frequent among solid and 
hematological tumors. The most frequent partner chromosome to 1q are 7q in 
der(1;7) and 16p in der(1;16) leading to partial monosomies of the partner 
chromosomes [14]. A derivative chromosome 1 normally is observed as part of 
complex karyotypes and not like in our case as single aberration. 

1q21.3 was recently found to be overrepresented in genomic instability of 
OSCC [6]. However, gains of chromosomal regions 1q21, 3q26.3, 5p15, 7p12, 
8q24, 9q34, 11q13 and 20q12, as well as deletions of 3p, 4q, 5q, 7q22, 8p23, 9p21, 
13q12-24, 17p, 18q21, 21q11-21 and 22q were previously observed in head and 
neck SCC by CGH studies [15]. In 1q21.3-q22 potential oncogenes such as 
HAX-1, MUC1 and CKS1B genes are localized. Amplification and overexpres-
sion of these potential oncogenes has previously been reported also in OSCC 
[16] [17]. 

10% - 30% of AML cases and approximately 27% of MDS cases were thera-
py-related myeloid neoplasms (t-MN), which has been recognized already since 
the 1970s. Cytogenetic findings pointing towards high-risk diseases involve loss 
of chromosomes 5 and/or 7; poor prognosis in t-MNs compared to the corres-
ponding primary diseases can be found for such aberrations. Median survival 
was 8 months in t-MNs compared to 5-year survival of 10% in the other cases 
[18]. This adverse outcome seems to be connected with high-risk karyotypes in 
myeloid neoplasms treated by chemotherapy. On the other side, the incidence of 
high-risk karyotypes in MDS and AML treated by radiation therapy is similar to 
that observed in de novo disease. Furthermore, the clinical behavior of post rad-
iation therapy of MDS is affected by bone marrow blast count. Overall this sug-
gests that the clinical management of patients who develop MDS or AML ap-
plying radiation therapy should be administered only to de novo and not to 
therapy-related diseases [18]. 

RAEB-2 subtype of MDS accounts for 50% - 75% of MDS cases. Aberrations 
like del(5q), –7, +8, –17p, del(11q23), translocation t(11;N)(q23;N), –13, del- 
(13q) are the commonly observed in RAEB-2 [19]. High risk group includes 
chromosome 7 anomalies and complex karyotypes (with three or more aberra-
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tions) [20]; the median survival of this group was 0.2 year only, and the rate for 
developing an AML was 0.4 year according to the MDS IPSS classifies [19].  

The long arm of chromosome 7, especially 7q22 to 7q36 harbors one or more 
tumor suppressor genes related to AML [21]. In contrast, 7q22 could be a critical 
region in the pathogenesis of MDS/AML; candidate genes of this region could be 
EPO, TRF2, EPHB4 or CLDN15 [22].  

Azacitidine is a pyrimidine nucleoside analog that is used routinely in MDS 
treatment. Its mechanism of action involves hypomethylation of DNA, that re-
sults in increased expression of multiple genes and leads to enhanced cellular 
maturation [23]. However, azacitidine has been associated with various adverse 
reactions including nausea, pyrexia, diarrhea, fatigue, cough, dyspnea, and bone 
marrow suppression, which might result in febrile neutropenia, bleeding, and 
anemia. Moreover, induced interstitial lung disease (ILD) is probably a rare ad-
verse reaction secondary to azacitidine [24].  

According to the literature, five previously reported cases of ILD in associa-
tion with hypomethylating agents for treatment of MDS: four were reported in 
connection with azacitidine [25] [26] [27] [28] and one with decitabine [29]. 
Also, Alnimer et al. [24] recently reported an MDS case treated with two cycles 
of azacitidine and his patient developed pneumonia secondary to azacitidine 
treatment. Our patient showed ILD (bilateral pleural effusion) as a secondary 
event after the first cycle of azacitidine treatment. This toxicity was not limited 
to the first cycle as in previous cases [24]-[29]; furthermore, pleural effusion 
could be associated with this toxicity. 

4. Conclusion 

In conclusion, we describe here an adult MDS case associated with SCC with 
partial trisomy of 1q, partial monosomy 7q as sole clonal abnormalities, and the 
patient revealed bilateral pleural effusion as a secondary event after receiving the 
first cycle of azacitidine treatment. Prognostic significance of der(7)t(1;7) still 
remains to be determined; however, most likely it is adverse and associated pre-
ferentially found in male MDS patients. 
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Abstract 
Chronic eosinophilic leukemia (CEL) is a rare disorder that is characterized 
by hypereosinophilia with increased number of blood or marrow blasts (>5% 
and <20%). CEL is distinguished from hypereosinophilic syndrome (HES) by 
the presence of eosinophilic clonality. Chronic eosinophilic leukemia not oth-
erwise specified (CEL-NOS) diagnosis is made when no fusion genes are de-
tected by most modern molecular testing, particularly the most common fu-
sion gene FIP1L-1/PDGFRA (Factor Interacting with PAP like-1/Platelet-De- 
rived Growth Factor Receptor Alpha). This disease is very rare, and its de-
scription in the literature is not well characterized. We report a fetal case of 
severe CEL-NOS in a 19-year-old male who presented with a plethora of clin-
ical features consists of constitutional symptoms, pancytopenia, intravascular 
thrombosis, acute stroke and endomyocardial infiltrates. The course of his 
disease was aggressive and resistant to conventional treatment. After a short 
period of improvement, an acute transformation into blast crisis (BC) had 
occurred. The diagnosis was confirmed by morphology and immunopheno-
typing of bone marrow biopsy. The patient eventually died of heart failure and 
sepsis. To our knowledge this is the first case report of fatal CEL-NOS trans- 
forming into severe blast crisis. 
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1. Introduction 

Eosinophils are immune cells that are involved in many vital functions. They are 
formed exclusively in the bone marrow (BM) where they spend about 8 days in 
the process of maturation before moving into the blood vessels. They travel 
through the vessels for 8 to 12 hours before they finally arrive at tissues of desti-
nation. In the tissues, they remain for 1 to 2 weeks [1].  

The number of eosinophils in the blood is determined by the hemostasis be-
tween the production in the BM and the elimination by tissue migration and 
apoptosis [2].  

The normal upper limit of eosinophils count in the peripheral blood (PB) is 
3% - 5%, with a corresponding absolute eosinophil count (AEC) of 350 - 500/ 
mm [3]. Normal values for BM eosinophils commonly range between 1% and 
6% [3] [4].  

Eosinophilic functions are many, and involve movement to inflamed areas, 
trapping substances, killing cells, anti-parasitic and bactericidal activity, partici-
pating in immediate allergic reactions, and modulating inflammatory responses 
[5] [6]. 

In their granules, eosinophils store a number of biologically active molecules, 
such as eosinophil peroxidase, eosinophil cationic proteins, and numerous cyto-
kines [7]. 

Upon activation, eosinophils release their mediators and influence tissue ho-
meostasis and integrity. In addition to their functions mentioned above, eosi-
nophils could lead to profound changes in their microenvironment, often with 
resultant fibrosis, thrombosis, and severe organ damage. 

In patients with persistent activation, tissue specimens might show marked 
deposition of eosinophil granule proteins, even in the absence of massive eosi-
nophils infiltration. 

Conditions such as Loffler’s disease, eosinophilic gastroenteritis, inflammato-
ry bowel disease, acute eosinophilic pneumonia, and eosinophilic-myalgia syn-
drome are currently attributed to the direct toxicity of persistently activated eo-
sinophils and their toxic granules contents. 

A careful diagnostic work-up is needed for accurate classification of hypereo-
sinophilia (HE). Precise classification is the mainstay of appropriate therapy. In 
addition to regular quantitative measurements of the blood cells in the PB, 
smears should be screened for monocytosis, cellular dysplastic features, indica-
tors of myelofibrosis (e.g. dacrocytes, erythroid and myeloid precursors) and 
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blasts. BM aspiration and biopsy are mandatory for histology and cytogenetic 
studies. 

Screening for cytogenetically fusion genes such as BCL-ABL (Breakpoint 
Cluster region-Abelson, or Philadelphia chromosome), and FIP1L1-PDGFRA/B 
should be performed at an early stage for therapy modification and prognosis 
purposes. 

Two different screening methods have been used, namely reverse transcriptase 
polymerase chain reaction (RT-PCR) and fluorescence in situ hybridization 
(FISH) [8] [9]. The relative frequency of FIP1L1-PDGFRA fusion is markedly 
variable in reported series, ranging between 3% and 56% in patient with HE. 

In this report, we are describing a case of a patient who suffered from severe 
HE with evidence of multiple organ damage due to eosinophils infiltration, par-
ticularly in the heart. With the results of molecular studies; the final diagnosis 
was chronic eosinophilic leukemia not otherwise specified (CEL-NOS). The out- 
come was dire as the case was resistant to all treatments, and eventually turned 
into blast crisis which led to patient’s death. 

Reviewing the literature, we found no registry for a large group of such pa-
tients followed for a long period of time. With such rare diseases, case reports 
might be the only source of knowledge physicians could have. CEL-NOS is a rare 
disease, and its rate of acute transformation into acute leukemia or into blast cri-
sis (BC) is unknown. Sharing such knowledge about the dominant clinical and 
hematological features would provide better understanding of the course of this 
disease and its prognostic risk factors. We reviewed the relevant literature and 
found that this case represents the first fatal CEL-NOS turning into BC.  

2. Case Report 

A 19-year-old Caucasian male presented to urgent care with four months’ histo-
ry of itching, anorexia, and weight loss. He also complained of intermittent skin 
rash. He denied any respiratory, neurological or gastroenterology symptoms. He 
reports no symptoms of hay fever, sinusitis, or respiratory tract infection. He is 
used to be healthy otherwise with no past medical history. Family medical histo-
ry is unremarkable. He smokes occasionally but does not drink alcohol. Outpa-
tient evaluation revealed appropriate vitals with no signs of allergic rhino-con- 
junctivitis. His chest sounded clear. Skin exam showed urticarial rash and itch-
ing marks (Figure 1). The patient was sent home on oral antibiotics, Medrol 
dose pack, and antihistamines. He did not respond well, and two weeks later; he 
visited the urgent care once again. This time, he complained of mild abdominal 
pain, right leg swelling, and dyspnea on exertion. He was found to have abdo-
minal tenderness with possible hepatosplenomegaly. There was trace edema on 
both legs. Blood work up was withdrawn that day and ultrasound of the lower 
extremities was scheduled. Labs results revealed white blood count (WBC) of 
19.8 × 103/mm3, platelet count of 60 × 103/mm3, and hemoglobin of 10 gm/dl. 
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Eosinophils were 85% of total WBC (AEC is 16.2 × 103/mm3). Deep venous thro- 
mbosis in the right popliteal vein was demonstrated on the ultrasound.  

The patient was called and advised for immediate hospital admission. How-
ever, he did not report to the hospital till one week later. At that time, he was 
complaining of right sided weakness with increasing dyspnea and lethargy. 
Blood Pressure was stable with no fever. Respiratory rate was 28 breaths per 
minutes with oxygen saturation of 92% on room air. Dark skin discoloration of 
his left foot with weak pluses was dominant (Figure 2). Lungs exam revealed bi-
lateral crackles. A systolic murmur at the apex was identified on heart exam. He 
was not told he had a murmur before, and the urgent care record was not availa-
ble. Right sided muscles weakness (4/5) was appreciated. Chest X-ray showed 
signs of pulmonary edema and cardiomegaly (Figure 3). 

 

 
Figure 1. Picture of the lower extremities upon admi- 
ssion. Generalized macular rash with itching marks. 

 

 
Figure 2. Picture of the left foot upon admission. Dark 
skin discoloration involving the first four toes, consis- 
tent with arterial ischemia. 
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Figure 3. Chest X-ray upon admission. Cardiomegaly, pulmonary edema, 
and bilateral pleural effusion. 

 
Patient was admitted and started on IV anticoagulation, IV diuretics, and O2 

supplement. The initial impression was severe hypereosinophilic syndrome 
(HES). IV pulse steroids (equivalent to 1 mg/kg of prednisone), and oral Hydro- 
xyurea (1000 mg daily) were initiated. Labs on admission are shown in Table 1 
(column one: on admission). Shortly after admission, his mental status deteri-
orated, and mechanical ventilation support was required. Urgent head CT showed 
large ischemia on the left side middle cerebral artery territory (Figure 4). The 
patient was not candidate for craniotomy intervention due to low platelets count. 
Stool ova and parasites were not detected. Transthoracic echocardiogram showed 
endomyocardial infiltrative process with multiple intraventricular thrombi (Fig- 
ure 5, Figure 6). Cardiac ejection fraction was moderately reduced at 25%. Mul-
tiple infarctions in the spleen and the kidneys were shown on abdomen CT 
(Figure 7). Vitamin B 12 was elevated and tryptase level was not done. 

Three days following admission, BM aspirate and biopsy were done. Results 
showed decreased erythropoiesis and megakaryopoiesis with the following dif-
ferential: Band 1.0%, Neutrophils 24%, Lymphocytes 19%, Eosinophils 55%, Ba-
sophils 1.0%, Erythroid Precursors 1.0%, Myeloid 71%, Erythroid 1.0%, and 
blasts cells 12% (Figure 8). No fibrosis wasidentified. There was no morphology 
evidence of masotcytosis or acute leukemia. Flow cytometry in the (PB) showed 
no atypical lymphocytes. Cytogenetic and molecular studies were obtained.  

At that juncture, the patient had met all criteria for WHO-classification for 
CEL. Awaiting chromosomal and molecular studies, and given such aggressive 
presentation, tyrosine kinase inhibitor (imatinib) was initiated (200 mg initially 
then 400 mg daily).  
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Figure 4. Head CT without contrast. Parenchymal low attenuation in the 
left middle cerebral artery territory consistent with massive infarction 
(red arrow). Brain edema with right midline shift. 

 

 
Figure 5. Transthoracic echocardiography, Left ventricle apex image. Se- 
veral masses are noted attached to the mid posterior and apicalseg- 
ments, involving the chordae of the mitral valve (red arrows). 
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Figure 6. Transthoracic echocardiography, four chamber image. 
Restrictive myocardium infiltrative process (red arrow). 

 

 
Figure 7. Abdomen CT without contrast. Spleen infarction (red arr- 
ow) bilateral kidneys infarctions (yellow arrows). 

 
No cytogenetic abnormalities were detected by conventional karyotyping. 

FISH testing was negative for BCR/ABL, FIP1-L1/PDGFRA, and PDGFRB fu-
sion genes. At that point, and correlating with the most recent 2008 WHO clas-
sification for myeloid disorders [10], the case was reclassified aschronic eosino-
philic leukemia none otherwise specified (CEL-NOS). 

Patient was kept on prednisone 60 mg, 1000 mg of hydroxyurea, anticoagula-
tion and imatinib. Through the following two weeks in the hospital, he began to 
feel better and showed good hematological recovery with decreasing eosino-
philsto 8% (Table 1: column two: labs 2 weeks on therapy). Repeated BM aspi-
rate showed blast cells to be less than 2%.  
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Figure 8. Bone marrow aspirate smear (Wright-Giesma stain, × 100). Mar- 
ked eosinophilia with mainly mature features (red arrow). An increase 
inblasts (black arrow). Numerous eosinophil granules from degranulated 
cells results in a “dirty” background (yellow arrow). 

 
Table 1. Blood work up results on three different occasions. AEC: absolute eosinophils 
count. 

labs 
Column one 
on admission 

Column two 
2 weeks on therapy 

Column three 
blast crisis 

WBC 57.42 × 103/mm3 10.86 × 103/mm3 50.06 × 103/mm3 

Eosinophils% 80 8 65 

AEC 45.94 × 103/mm3 0.87 × 103/mm3 54.25 × 103/mm3 

Neutrophils% 13 64 35 

Lymphocytes% 6 14.1 8 

Monocytes% 1 10.1 2 

Metamyelocytes% 1 2 13 

Promyelocytes% 1 2 1 

Myelocytes% 1 1 6 

Blasts% 1 0 17 

Hemoglobin 9.2 g/dl 9.8 g/dl 10 g/dl 

Platelet count 21 × 103/mm3 380 × 103/mm3 265 × 103/mm3 

 
After being on imatinib for three weeks, the patient began to deteriorate. He 

suffered from increasing dyspnea, low urine output, bilateral pneumonia, ele-
vated liver function tests, and worsening heart failure. His biochemical parame-
ters showed deranged hepatic-renal dysfunction with severe HE again. Blood 
labs are shown in Table 1 (column three: labs at blast crisis). 
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A third BM aspiration revealed blasts of 25% with dyspoieticeosinophilopoie-
sis. Cell differential showed: Band 11.0%, Neurtophils 55%, Lymphocytes 11%, 
Basophils 1.0%, Erythroid Precursors 7.0%, Myeloid 82%, Erythroid 7.0%, Pro-
myelocyte 1.0%, Myelocytes 9%, and Metamyelocytes 5%. Blasts in PB were 17%. 

Acute Myeloid Leukemia (AML) panel was done using FISH evaluation on 
cell culture. AML panel included the following chromosomal anomalies: RUX1/ 
RUNX1T1 Translocation (8, 21), PML/RARA Translocation (15, 17), CBFB 
(16q22) Rearrangement, MLL (11q23) Rearrangement, and PRN1/MECOM 
Translocation (3; 3) or inv 3. All those specified anomalies were not detected. 
Myelodisplastic syndrome (MDS) panel was also examined by FISH on cell cul-
ture and no chromosomal anomalies were detected. MDS panel included: (5q31) 
EGR1 for -5/5q-, (7q31) D7S522 for -7/7q-, 7cen and 8cen, 20q12 (D20S108) 
Deletion and RPN1/MECOM Translocation (3; 3) or inv (3). JAK-2V617F mu-
tation was not detected. Since all tests were negative, transformation into acute 
blast crisis (BC) was confirmed. 

As most patients with chronic myeloid leukemia (like CEL) eventually develop 
a blast phasein distinguishable from AML [11], the patient received AML stan-
dard induction chemotherapy (cytarabine and daunorubicin). However, once 
AML was ruled out, chemotherapy was discontinued. Imatinib, however, was 
continued at a higher dose of 800 mg daily (patient received imatinib for total of 
8 weeks). 

Despite all of the above; the WBC continued to rise with severe HE. Eventual-
ly, the patient developed severe nosocomial pneumonia, sepsis, and with multi- 
organ failure. He passed away after three months of hospitalization. 

3. Discussion 

Eosinophilia is commonly observed in a wide range of disparate non-clonal and 
clonal disorders. Based on 2008 World Health Organization (WHO) classifica-
tion [10], HE is defined when PB eosinophils are higher than 500/mm3 on two 
different occasions 4 weeks apart. The term hypereosinophilic syndrome (HES) 
describes HE with evidence of organ dysfunction. Organ damage can be detected 
by findings such as hepatosplenomegaly, infiltrative heart failure, and pancyto-
penia. In our case report, the condition was initially classified as severe HES 
awaiting cytological and molecular studies.  

HES is predominantly a disease of men (male-female ratio, 9:1), and is usually 
diagnosed between the ages of 20 and 50 years. In one series of 50 patients, the 
mean age at onset was 33 years and the mean duration of disease was 4.8 years 
[12]. The median survival was 9 months, and the 3-year survival was only 12%. 
These patients generally had advanced disease, with congestive heart failure ac-
counting for 65% of the identified causes of death at autopsy. In addition to the 
development of cardiac disease, PB blasts or a WBC count more than 100 × 
103/mm3 were associated with a poor prognosis. 
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A later report of 40 HES patients observed, a 5-year survival rate was 80%, de-
creasing to 42% at 15 years [13]. In this cohort, poor prognostic factors included 
the presence of a concurrent myeloproliferative syndrome, lack of response to 
corticosteroids, existence of cardiac disease, male sex, and the height of eosino-
philia. It is clear that most of these risk factors for poor prognosis are found in 
our case.  

If clonality is detected by genetic and molecular testing, then eosinophilic 
myeloid proliferative (Eos-MPD) disorder is being diagnosed. Among the cases 
of Eos-MPD, chronic eosinophilic leukemia (CEL) has its own diagnostic criteria 
[14]. 

CELis a rare disorder with persistent hypereosinophilia, evidence of organ 
dysfunction, and an increased number of blood or marrow blasts (>5% and 
<20%). With the presence of 12 % blasts in the BM, our case was appropriately 
reclassified as severe CEL. 

There have been many genetic abnormalities linked to CEL, the most com-
mon of which is fusion gene FILP1-L1/PDGFRA on chromosome 4. This gene is 
found in almost 10% of all CEL cases [15]. The resultant chimeric gene leads to 
production of a chimeric tyrosine kinase that is constitutively active. Persistent 
activation of tyrosine kinase protein causes unregulated growth and proliferation 
of eosinophils. The result is tissue damage and organ dysfunction. With im-
proving in modern molecular pathogenesis, more chromosomal abnormalities 
have been found [15].  

Chronic eosinophilic leukemia-not otherwise specified (CEL-NOS) is also a 
rare disease. It is defined as Philadelphia-negative myeloproliferative neoplasm, 
which is due to clonal proliferation of eosinophil precursors. 2008 WHO criteria 
for myeloproliferative disorders, defined CEL-NOS as CEL that lacks the pres-
ence of any fusion genes abnormalities [15]. All other myeloproliferative neop-
lasms should also be excluded (e.g. Polycythemia Vera, Systemic Mastocytosis, 
and Essential Thrombosis). In this category,eosinophils in PB should be >1.5 × 
103/mm3, and blasts in blood or marrow should be >5% and <20%. 

In the new WHO classification, CEL-NOS is listed in the category of myelo-
proliferative neoplasms [15] [16], whereas it was incorporated under the heading 
of myeloproliferative forms of hypereosinophilic syndromes according to the 
classification of the Eosinophilic Working Group [17]. Regardless of the classifi-
cation used, CEL-NOS remains an extremely rare entity with variable prognosis 
[15] [18]. Given the above criteria, our reported case was appropriately reclassi-
fied as CEL-NOS. 

Due to the rarity of the CEL-NOS, survival rate is not truly known. Mortality 
is related to the aggressiveness of the disease and to the burden of the tissue eo-
sinophilic infiltration. Mortality is also related to the acute transformation into 
acute leukemia. In a recently reported cohort of 10 patients with CEL-NOS [19], 
the median survival was 22.2 months. 5 of the 10 patients developed acute trans- 
formation (AT) after a median of 20 months from diagnosis of CEL-NOS. In 
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that study, four patients developed AML-M4, one patient developed AML-M5, 
and one patient had T-cell lymphoblastic leukemia/lymphoma. In that study, 
most patients were predominantly male. Splenomegaly was the most frequent 
clinical manifestation.  

CEL with gene abnormalities has been reported to have good response to ty-
rosine kinase inhibitor (imatinib) [20]. However, cases of CEL-NOS (where 
there are no detected gene anomalies) do not respond to tyrosine inhibitors. 
Some reports showed transient hematological recovery, but this response was 
limited, short lived, and it was thought to be drug-related myelosuppressive ef-
fect [20]. 

In the described case, the patient received 400 mg daily imatinib within three 
days of admission with no delay. While waiting for the fusion gene FIP1L-1/ 
PDGFR/A result, it is recommended by the 2015-WHO recommendation to in-
itiate imatinib therapy [21]. In cases of clonal HE, a trial of imatinib treatment is 
also recommended even in patients with no genes anomalies if there is evidence 
of organ dysfunction. There might be some cryptic molecular abnormalities that 
might respond to therapy but they are yet to be detected by future improvement 
in molecular testing methods. In our case the patient did respond initially to im-
atinib, however, the response lasted only for 2 - 3 weeks. Upon transforming in-
to BC the dose was increased to 800 mg daily. Unfortunately, there was no good 
response, neither was there a response to AML standard induction chemothera-
py (no maintenance therapy was given as AML was ruled out). 

Most patients with chronic myeloid leukemia-a myeloproliferative disorder- 
eventually develop a blast phase indistinguishable from AML [12]. However, ex-
tensive cytogenetic testingin our patient failed to demonstrate any evidence for 
such transformation.  

Blast crisis (BC) is the major remaining challenge in the management of 
chronic myeloid leukemia, and CEL is not an exception [22]. However, BC is 
usually associated with genetic abnormities.  

Based on the recent World Health Organization, blast crisis is defined if BM 
blastsare more than 20% in analogy to the definition of acute myeloid leukemia 
(AML) [10]. In the reported case, there was a sudden increase in PB blasts (17%) 
and BM blasts (25%). With negative AML and MDS panels, the diagnosis of BC 
transformation was made. It is the first report that describes fatal BC transfor-
mation of CEL-NOS in the literature. 

Several features have been associated with an unfavorable prognosis during 
BC, such as clonal evolution, more than 50% blast cells, high platelet counts, 
short duration of the chronic phase, unsatisfactory response to initial therapy 
during the chronic phase, and extra-medullary disease [22].  

4. Conclusion 

We are reporting a first documented fatal case of severe CEL-NOS that trans-



B. A. Sanouri et al. 
 

539 

formed into blast crisis in a 19-year-old Caucasian male. The disease was aggres-
sive since the presentation. Risk factors for such transformation would be: young 
age, cardiac involvement, high eosinophils count, negative molecular abnormali-
ties, early transformation into blast crisis, and blasts count more than 25% in the 
BM. In order to keep the leukemia in its chronic phase, patients with similar 
features should be treated with tyrosine kinase inhibitor as early as possible. 
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Abstract 
Background: Radiofrequency ablation (RFA) is an effective treatment for he-
patocellular carcinoma (HCC). However, rare but serious complications may 
occur after RFA. We describe a case of diaphragmatic hernia associated with 
RFA. Case Presentation: A 68-year-old man with a history of hepatitis C-  
related liver cirrhosis was admitted to our hospital because of lower abdomin-
al pain. Three years earlier, he underwent RFA for HCC in segment 8. Com-
puted tomography revealed that the intestine was intruding into the right 
thoracic cavity through a diaphragmatic hernia. On the basis of the diagnosis 
of right diaphragmatic hernia with a strangulated ileus, an emergency opera-
tion was performed. Perforation of the strangulated transverse colon into the 
right thoracic cavity was suspected, and a combined approach of laparotomy 
and thoracotomy was utilized. The operative findings showed that the diaph-
ragmatic hernia was 3.5 × 2.0 cm in diameter, and it was simply sutured with 
a nonabsorbable suture material. Resection of the intruded ischemic trans-
verse colon was completed, and a covering ileostomy was performed. The pa-
tient was discharged without any complications. Conclusions: RFA is widely 
used for the treatment of HCC. Reports of early- and late-phase complications 
indicate that heat damage contributes to the fragility of neighboring organs. 
The occurrence of diaphragmatic hernia after RFA is one of the delayed com-
plications. Although it rarely occurs, this complication requires emergency 
surgery. In conclusion, if perforation of the intestine into the thoracic cavity is 
suspected, thoracolaparotomy should be considered as a treatment option to 
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prevent postoperative massive empyema. 
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1. Introduction 
Hepatocellular carcinoma (HCC) is a common cancer and the third most fre-
quent cause of cancer-related death [1]. Because of the advances in surgical 
techniques and perioperative management methods, liver resection can enhance 
the long-term survival of patients, with a 5-year overall survival rate of approx-
imately 60% [2] [3]. Radiofrequency ablation (RFA) is being increasingly used 
for the treatment of HCC because of its minimal invasiveness and positive long- 
term outcomes, which is equivalent to those of surgery in patients with Child- 
Pugh class A and a tumor diameter of <3 cm [4]. 

RFA therapy is considered a safer and less invasive intervention than hepa-
tectomy [4]. However, it often causes complications such as intrahepatic abscess, 
bleeding, and biloma [5] [6]. RFA-related complications are subdivided into two 
categories: early- and late-phase complications. Direct organ injury is the main 
cause of early complications, and can lead to massive bleeding and perforation of 
the colon. Late-phase complications are difficult to precisely diagnose in the 
clinical setting. Diaphragmatic hernia has been reported as a rare late-phase 
complication. We report a case of delayed diaphragmatic hernia with a strangu-
lated ileus after RFA for HCC, which was successfully treated with surgery. 

2. Case Presentation 
A 68-year-old man with a history of a duodenal ulcer and chronic cirrhosis 
caused by hepatitis C and recurrent HCC was admitted to our hospital for lower 
abdominal pain. He had previously undergone transcatheter arterial chemoem-
bolization (TACE) and RFA for HCC in segments 8 and 4. He had received 
TACE treatment for recurrent HCC in segments 8 and 4 seven times in the last 
36 months (Figure 1). On admission, he was afebrile and showed a normal con-
sciousness level. His vital signs were unremarkable. The abnormal laboratory 
values obtained were as follows: total bilirubin, 2.4 mg/dL (reference, 0.4 - 0.8 
mg/dL); albumin, 3.0 mg/dL (reference, 3.9 - 4.5 mg/dL); and prothrombin ac-
tivity, 62% (reference, 70% - 130%). On the basis of laboratory data, the patient’s 
disease was classified as Child-Pugh class B. A chest radiograph showed devia-
tion of bowel gas across the right diaphragm. Computer tomography (CT) show- 
ed a dilated transverse colon that was intruding into the right thoracic space, 
with pleural effusion (Figure 2). These findings led to a preoperative diagnosis 
of diaphragmatic hernia with a strangulated ileus. Perforation of the transverse 
colon was strongly suspected, and an emergency operation with thoracolapa-
rotomy was performed. The operative findings showed a right diaphragmatic 
hernia (3.5 × 2.0 cm in diameter), through which a large portion of the intestine  



H. Yamane et al. 
 

543 

  
(a)                                         (b) 

Figure 1. Previous computed tomography images. (a) Preoperative computed tomogra- 
phy image showing atrophy of the liver and the tumor in segment 8 before radio- 
frequency ablation (RFA) and transcatheter arterial chemoembolization (TACE) (white 
arrow); (b) Image showing the tumor and no evidence of injury to the diaphragm after 
RFA and TACE. 
 

 
(a)                                         (b) 

Figure 2. Preoperative images. (a) Chest radiograph showing transverse colonic gas in the 
right thoracic cavity (white arrow); (b) Computed tomography image taken on admission 
showing diaphragmatic herniation of the large intestine into the right thoracic cavity 
(white arrow). 
 
was intruded and dilated (Figure 3). The hernia orifice was repaired with run-
ning suture of 3-0 Vicryl. After a colectomy, a covering ileostomy was per-
formed. No postoperative complications developed, and the patient was dis-
charged 24 days after the emergency surgery. He was continuously treated for 
recurrent HCC, and has showed no evidence of recurrent hernia during the 
2-year follow-up period. 

3. Discussion 
RFA is an effective treatment option among several possible interventions for 
HCC. The incidence of complications after RFA has been reported to be ap-
proximately 2.4% - 9.5% [5] [6] [7]. Rhim et al. [5] reported that the major com-
plications after RFA were hepatic abscess, peritoneal hemorrhage, biloma, and  
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Figure 3. Perioperative picture. Photograph showing the transverse colon 
(black arrow) directly intruding into the right thoracic cavity through the 
diaphragmatic hernia (white circle). The white arrow shows the expanded 
ascending colon. 

 
ground pad burn. Only 1 of the 1139 patients (0.07%) they investigated had a 
diaphragmatic injury. In the study by Mulier et al. [6], diaphragmatic injuries 
occurred in 5 of 3670 patients (0.001%). There was no description of late-phase 
diaphragmatic hernia in three studies [5] [6] [7]. However, in some reports, cas-
es of late-phase diaphragmatic hernia required an emergency surgery because of 
a strangulated intestine [8] [10]-[18]. 

Diaphragmatic hernia after RFA seems to be caused by thermal damage to the 
diaphragm. The characteristic feature of a diaphragmatic hernia is its delayed 
onset after RFA. This delay occurs because the thermal damage induced by RFA 
causes a brittle point in the diaphragm. This brittle point weakens over time, re-
sulting in the formation of a diaphragmatic hernia. The factors involved in the 
formation of a diaphragmatic hernia are delayed wound healing due to liver 
cirrhosis and increased abdominal pressure due to ascites [8]. To prevent ther-
mal injury to organs during RFA, artificial ascites have been used to create a 
space between the liver and the skin or diaphragm [9]. Treatment of the primary 
disease such as hepatitis, to prevent progression to cirrhosis or hepatic atrophy, 
and control of ascites to decrease abdominal pressure are important to prevent 
the development of a diaphragmatic hernia. 

We reviewed 13 case reports [8] [10]-[20] documenting the occurrence of di-
aphragmatic hernia after RFA for HCC, including our case. In the 13 cases, the 
diagnosis of diaphragmatic hernia after RFA was made after a mean period of 
24.1 months (range, 7 - 96 months). The mean age of patients at diagnosis was 
65.5 years (range, 46 - 81 years), and there were eight men and five women. The 
most common chief complaints were abdominal pain in nine patients (69.2%) 
and dyspnea in seven patients (53.8%). Five of the 13 patients (38.5%) had right 
upper quadrant pain, and 2 patients including the present case patient (15.4%) 
had lower abdominal pain. Among the 13 cases, surgical treatment was performed 
to repair the hernia in 11 cases including our case (Table 1) [8] [10]-[18].  
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Table 1. Summary of previously reported surgeries of diaphragmatic hernia afterradiofrequency ablation. 

Reference 
Age 

(years) 
Sex CP class 

Onset of 
defect 

Intestinal 
resection 

Approach 
Method of hernia  

orifice closure 
Outcome(postoperative 

hospital stay, days) 

Koda et al. [10] 61 F B 13 − LT Unknown Dead 

Shibuya et al. [11] 72 M Unknown 18 − LT Unknown Alive (14) 

di Francesco et al. [12] 50 M Unknown 17 − LT Simple sutures Alive (8) 

Singh et al. [13] 46 F B 19 − LS Simple sutures Alive (6) 

Boissier et al. [14] 65 F A 7 + LT Vicryl patch Alive (27) 

Zhou et al. [8] 61 F Unknown 12 + LT Simple suture Alive (60) 

Nakamura et al. [15] 81 M A 18 + LT Simple sutures Alive (15) 

Nomura et al. [16] 62 M C 96 + LS Mesh repair Alive (8) 

Saito et al. [17] 81 M C 33 − LT Unknown Dead 

Abe et al. [18] 72 F B 15 − LT Simplesutures Alive 

Present case 68 M B 36 + LT, TT Simple sutures Alive (24) 

CP class, Child-Pugh class; M, male; F, female; LS, laparoscopy; LT, laparotomy; TT, thoracotomy. 
 
Two cases [19] [20] were followed with conservative management. The laparo- 
tomy approach was used in eight cases, and the thoracolaparotomy approach 
was performed in our case alone. We performed thoracolaparotomy because the 
preoperative findings raised the suspicion of both necrosis and perforation with 
a strangulated intestine. Moreover, it was difficult to pull the strangulated and 
expanded intestine out of the hernia orifice. In two recent cases [13] [16], the 
laparoscopic approach was performed to treat the diaphragmatic hernia. This 
method is less invasive for patients with a liver function disorder. Our patient 
recovered without complications and was discharged 24 days after the surgery. 
The length of hospital stay after surgery in our case was comparable to that in 
other reports (mean, 20.3 days; range, 6 - 60 days). The surgical methods for the 
hernia repair were as follows: simple ligation in six cases, Vicryl patch in one 
case, and mesh in one case. Nomura et al. [16] performed closure by using a 
mesh without intestinal resection. Concerning the surgical outcomes, no infec-
tious complications occurred in patients with Vicryl patch and mesh. 

4. Conclusion 
We report a case of diaphragmatic hernia with a strangulated ileus after RFA. 
We suggest that thoracolaparotomy is an effective treatment approach for di-
aphragmatic hernia when perforation of a strangulated intestine into the thorac-
ic cavity is suspected. Treatment of HCC with RFA must be performed carefully 
to prevent thermal injury to the diaphragm, and follow-up for HCC recurrence 
and complications is necessary. 
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