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Abstract
Background

　 Anti-p200 pemphigoid is a subepidermal autoimmune bullous disease involving IgG autoantibodies 

to the 200-kDa antigen.  Although previous studies suggested that patient sera react with the 200-

kDa laminin γ1, it is possible that another 200-kDa autoantigen is present.  Here, we examined 

whether the anti-p200 pemphigoid patient sera react exclusively with laminin γ1 by performing 

experiments using LAMC1-knock-out (KO) cells produced by the use of CRISPR-Cas9.

Methods

　 We performed immunoblotting experiments using normal human dermal extract and extracts of 

various cultured cells, including LAMC1-KO HaCaT cells.

Results

　 While all the anti-p200 pemphigoid patient sera and the anti-laminin γ1 monoclonal antibody 

(mAb) reacted with the 200-kDa protein in normal human dermal extract, the mAb detected a smaller 

190-kDa laminin γ1 molecule in extracts of various cultured cells.  However, none of the patient sera 

reacted with the 190-kDa laminin γ1 in extracts of either intact or LAMC1-KO HaCaT cells.

Conclusions

　 We could not identify the 200-kDa antigen as laminin γ1 because the patient sera did not react 

with laminin γ1 in HaCaT cells.  The reason may be that the 190-kDa laminin γ1 produced by the 

cultured cells lacks post-translational modifications necessary for autoantibody binding.  However, 

this novel approach using the CRISPR-Cas9 technique should be useful for the identification of true 

autoantigens in patient sera that react with laminin γ1 in cultured cells.

Key Words:    Anti-p200 pemphigoid; CRISPR-Cas9; HaCaT cell; Immunoblotting; 

Laminin γ1.
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Introduction
　 Anti-p200 pemphigoid was first described in 1996 by Chen et al1) and Zillikens et al2) as a novel 

entity of subepidermal autoimmune bullous disease with IgG autoantibodies against an unknown 

200-kDa antigen.  Anti-p200 pemphigoid clinically shows blisters, erosions, and urticaria-like 

erythema, with a tendency to the development of smaller vesicles3-7).  Mucosal lesions occasionally 

develop.  The association with psoriasis has been reported in Japan and Asian countries, but not in 

European countries3-7).  Histopathology shows subepidermal blisters and the inf lammatory cell 

infiltrate of neutrophils and eosinophils in the upper dermis.  Direct immunofluorescence (IF) shows 

linear IgG and C3 deposits at the basement membrane zone (BMZ).  Indirect IF of normal human 

skin detects IgG anti-BMZ antibodies, which react with the dermal side of 1 M NaCl-split normal 

human skin.  Immunoblotting of normal human dermal extracts detects a 200-kDa autoantigen. 

　 In 2009, Dainichi et al identified the 200-kDa protein as laminin γ1 by proteomics8).  In 

immunoblotting of normal human dermal extracts, they found that patient sera and an anti-laminin 

γ1 monoclonal antibody (mAb) reacted with the identical 200-kDa protein band.  Furthermore, 90% of 

32 patient sera reacted with recombinant laminin γ1 protein8).  Another mAb, against the C-terminus 

of laminin γ1, competitively inhibited the reaction of patient sera with the p200 band in immunoblots 

of normal human dermal extract.  Conversely, the IgG fraction purified from patient sera 

competitively inhibited the reactivity of the anti-laminin γ1 mAb in immunoblots of normal human 

dermal extract.  From these results, Dainichi et al concluded that p200 is laminin γ1, and proposed 

the name anti-laminin γ pemphigoid for this disease8).

　 Laminin γ1 is an N-linked glycoprotein with a molecular weight of 200 kDa9-11).  In the skin, it 

forms heterotrimers such as laminins 311, 321, and 511, which are involved in epidermal and dermal 

binding outside the hemidesmosome.  Shimanovich et al reported that anti-p200 pemphigoid sera 

react with an acidic noncollagenous N-linked glycoprotein of the cutaneous basement membrane12), 

which suggests that the 200-kDa autoantigen may be one of the laminin γ subunits.  

　 However, although laminin γ1 is also expressed in various tissues other than skin and mucosa8), 

anti-p200 pemphigoid patients do not develop any lesions in other organs.  Therefore, it is unclear 

why the autoantibodies in the patient sera react selectively with laminin γ1 in the skin.  Dainichi et 

al speculated that the sera of anti-p200 pemphigoid patients might recognize laminin γ1 with skin-

specific post-translational modifications and thus induce only the skin lesions8).  However, the few 

attempts to unravel the pathogenic activity of anti-laminin γ1 antibodies have so far been 

unsuccessful13-15).  Thus, it is still conceivable that, other than laminin γ1, there is an unknown 200-

kDa autoantigen that might be the true pathogenic autoantigen.

　 Here, we examined whether the anti-p200 pemphigoid patient sera react truly and exclusively 

with laminin γ1.  For this purpose, we generated laminin γ1-knock-out (KO) HaCaT cells and 

examined the reactivity of anti-p200 pemphigoid patient sera by immunoblotting of extracts of both 

the intact HaCaT cells and the LAMC1-KO HaCaT cells.

Methods
　 This study was approved by Ethics Committees of Osaka Metropolitan University (No. 2019-055), 

and adhered to Declaration of Helsinki principles.

Patient sera and normal control sera

　 We used 15 sera from anti-p200 pemphigoid patients; they were stored at the Department of 
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Dermatology, Osaka Metropolitan University, and the Department of Dermatology, Kurume University.  

All the patients fulfilled the following diagnostic criteria: linear deposits of IgG and/or C3 in the BMZ 

by direct IF, the presence of IgG anti-BMZ antibodies by indirect IF using normal human skin, 

positive IgG reactivity to the dermal side of 1 M NaCl-split normal human skin by indirect IF, and 

the detection of the 200-kDa antigen in immunoblots of normal human dermal extract.  The sera were 

stored at －80℃ for the long term.  When used for experiments, the sera were thawed and then stored 

again at －20℃ for further use.  Normal sera from four volunteers were used as negative controls.

Production of a laminin γ1-KO HaCaT cell line by the use of CRISPR-Cas9

　 To establish a Cas9-expressing HaCaT cell line, HaCaT cells were infected with pLenti-EF1a-

Cas9-Puro lentiviral particles (Applied Biological Materials Inc., Richmond, BC, Canada) according to 

the manufacturer’s instructions.  Using Lipofectamin RNAi Max (Thermo Fisher Scientific, Waltham, 

MA, USA), the cloned Cas9-expressing HaCaT cells were transfected with control gRNA (Integrated 

DNA Technologies, Coralville, IA, USA, Alt-R CRISPR-Cas9 Negative Control crRNA, 1072254) or 

gRNA targeting laminin γ1 (sequence: CTTAATCGCCTGAACACTTT) (Integrated DNA Technologies, 

Coralville, IA, USA), coupled to tracRNA (Integrated DNA Technologies, Coralville, IA, USA, 

1075927).  Subsequently, a LAMC1-KO HaCaT cell line was cloned.

Cell cultures

　 HaCaT cells (CLI Cell Lines Service, Eppelheim, Germany, 300493), DJM-1 cells, and SCC cells 

were cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Fujifilm Wako Pure Chemical 

Corporation, Osaka, Japan, 04429765) supplemented with penicillin-streptomycin solution (Fujifilm 

Wako Pure Chemical Corporation, Osaka, Japan, 168-23191) and 5% filter-sterilized fetal bovine 

serum (FBS) (Thermo Fisher Scientific, Waltham, MA, USA, 10270106).  Normal human epidermal 

keratinocytes (NHEKs) (Promo cell, Heidelberg, Germany, C12003) were cultured using keratinocyte 

growth medium (Promo cell, Heidelberg, Germany, C-20011).  Normal human neonatal dermal 

fibroblasts (ATCC, Manassas, VA, USA, PCS-201-010) were cultured in fibroblast basal medium 

(ATCC, Manassas, VA, USA, PCS-201-030) supplemented with fibroblast growth kit-lower serum 

(ATCC, Manassas, VA, USA, PCS-201-041).  The cell extracts were prepared by scraping the cells at 

80%-90% confluency in SDS sample buffer for electrophoresis.

Indirect immunofluorescence analyses

　 Indirect immunofluorescence analyses of normal human skin and 1 M NaCl-split normal human 

skin were performed as previously described3,8).

Immunoblot analysis

　 Running buffer for electrophoresis was prepared by adding MOPS running buffer 20×(Thermo 

Fisher Scientific, Waltham, MA, USA, NP0001) and 0.25% of antioxidant (Thermo Fisher Scientific, 

Waltham, MA, USA, NP0005) to distilled water.  Next, 10 μL samples were applied to the lanes of a 

3%-8% Tris-acetate gel (Thermo Fisher Scientific, Waltham, MA, USA, EA0375BOX) and were 

electrophoresed at 200 V for 1 h.  The proteins in the gel were transferred to PVDF membrane (Bio-

Rad Laboratories, Inc. Hercules, CA, USA, cat #1704156).  The membranes were then blocked with 3% 

skim milk in PBS for 1 h, and washed with PBS with 0.5% Tween-20 in PBS (PBS-T) for 10 min, 3 times.

　 As primary antibodies, patient sera were diluted 1:5 in 3% skim milk in PBS, and the anti-laminin 

γ1 mouse IgG monoclonal antibody (mAb) (Atlas Antibodies, Stockholm, Sweden, AMAb91137) was 

used at 1:1000-1:10000 dilutions in 3% skim milk in PBS.  Primary antibodies were incubated 

overnight at 4℃ and the membranes were then washed for 10 min 3 times in PBS-T.  The blots were 
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then incubated with secondary antibodies, HRP-anti-human IgG antibody (Agilent Technologies 

Dako, Glostrup, Denmark, P0214) at 1:1000 dilution and HRP-anti-mouse IgG antibody 

(SouthernBiotech, Birmingham, AL, USA, 1031-05) at 1:5000 dilution, for 1 h at room temperature, 

and then washed for 10 min 3 times in PBS-T.  Positive reactivity was detected with an Image Quant 

LAS 4000 (GE Healthcare, Chicago, IL, USA) using Super Signal (Thermo Fisher Scientific, Waltham, 

MA, USA).  We used of the same patients’ sera as representative in all the experiments.

Results
Indirect immunofluorescence analyses of anti-p200 pemphigoid patient sera

　 By indirect immunofluorescence of normal human skin, all 15 anti-p200 pemphigoid patient sera 

showed anti-BMZ antibodies that reacted with the dermal side of split skin (Fig. 1, the results of 3 

representative sera are shown).

Figure 1.  Indirect immunof luorescence of 1 M NaCl-split normal human skin using 3 representative anti-p200 
pemphigoid sera (patients1-3).  White arrows indicate the reactivity with the dermal side of the split.

Figure 2.  Immunoblotting of normal human dermal extract using 3 representative anti-p200 pemphigoid sera.  Anti-
laminin γ1 mAb reacted with the 200-kDa laminin γ1 (lane 1).  The same 200-kDa protein also reacted with the 3 
representative anti-p200 pemphigoid patient sera (patients 1-3), but not with normal control serum (lane 5).  The 238- 
and 171-kDa bands of the molecular weight (MW) markers (lane 6) are indicated by arrows on the right.

- 54 -

Hayashi et al



Figure 3.  Immunoblotting of extracts of various cultured cells with the anti-laminin γ1 mAb.  While this mAb reacted 
with the 200-kDa laminin γ1 in normal human dermal extracts (lane 1), it reacted with the 190-kDa laminin γ1 in all 
the cultured cells, including HaCaT cells (lane 2), DJM-1 cells (lane 3), SCC cells (lane 4), normal human epidermal 
keratinocytes (NHEKs) (lane 5), and dermal fibroblasts (lane 6).  The 238- and 171-kDa bands of the molecular weight 
(MW) markers (lane 7) are indicated by arrows on the right.

Figure 4.  Immunoblotting of extracts of intact HaCaT cells and LAMC1-KO HaCaT cells with anti-laminin γ1 mAb.  
The mAb reacted with the 190-kDa laminin γ1 in intact HaCaT cell extract (lane 1), and did not detect it in LAMC1-
KO HaCaT cell lysate (lane 2).
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Figure 5.  Immunoblotting of extracts of intact HaCaT cells with anti-p200 pemphigoid patient sera.  While the anti-
laminin γ1 mAb detected the 190-kDa laminin γ1 (lane 1), this band was not detected by any of the 3 representative 
anti-p200 pemphigoid patient sera (lane 2-4) or by normal serum (lane 5).  The 238- and 171-kDa bands of the 
molecular weight (MW) markers are indicated by arrows on the right (lane 6). 

Figure 6.  Immunoblotting of extracts of intact HaCaT cells and LAMC1-KO HaCaT cells with anti-p200 pemphigoid 
patient sera.  The anti-laminin γ1 mAb reacted with the 190-kDa laminin γ1 in intact HaCaT cell extract (lane 1), but 
was not detected by any of the 3 representative anti-p200 pemphigoid patient sera in extracts of either intact HaCaT 
cells or LAMC1-KO HaCaT cells (lanes 2-7).  The 250- and 180-kDa bands of the molecular weight (MW) markers are 
indicated by arrows on the right (lane 8). 

- 56 -

Hayashi et al



Immunoblotting of normal human dermal extract with anti-p200 pemphigoid patient sera

　 In immunoblots of normal human dermal extract, all 15 anti-p200 pemphigoid patient sera 

reacted with the 200-kDa protein band (Fig. 2, the results of 3 representative sera are shown), which 

was also strongly detected by the anti-laminin γ1 mAb.

Immunoblotting of extracts of various cultured cells by anti-laminin γ1 mAb

　 To confirm their expression of laminin γ1, we performed immunoblotting with extracts of various 

cultured cells, including HaCaT cells, DJM1 cells, SCC cells, NHEKs, and dermal fibroblasts, using 

anti-laminin γ1 mAb.  While the anti-laminin γ1 mAb detected the 200-kDa laminin γ1 in normal 

human dermal extract (Fig. 3, lane 1), the mAb reacted with an approximately 190-kDa smaller 

laminin γ1 in the extracts of all the other cultured cells (Fig. 3, lanes 2-6).

Immunoblotting of intact HaCaT cell extract and LAMC1-KO HaCaT cell extracts with anti-

laminin γ1 mAb

　 To confirm the lack of p200 detection in LAMC1-KO HaCaT cells, we compared the laminin γ1 

reactivity of intact HaCaT cells and LAMC1-KO HaCaT cells by immunoblotting.  The anti-laminin 

γ1 mAb detected the 190-kDa laminin γ1 in immunoblots of intact HaCaT cells, but did not detect it 

in LAMC1-KO HaCaT cell extract (Fig. 4), confirming that laminin γ1 was knocked out in the 

LAMC1-KO HaCaT cells.

Immunoblotting of intact HaCaT cell extract and LAMC1-KO HaCaT cell extracts with 

anti-p200 pemphigoid patient sera

　 Next, we performed immunoblotting of intact HaCaT cell extract with all 15 anti-p200 pemphigoid 

patient sera.  However, although the anti-laminin γ1 mAb detected the 190-kDa laminin γ1 in 

immunoblots of extracts of intact HaCaT cells, none of the patient sera detected the 190-kDa protein 

band in intact HaCaT cell extract (Fig.  5, the results of 3 representative sera are shown). In further 

immunoblotting of extracts of both intact HaCaT cells and LAMC1-KO HaCaT cells, the 190-kDa 

protein band was not detected in either extract by any of the 15 anti-p200 pemphigoid patient sera 

(Fig. 6, the results of 3 representative sera are shown).

Discussion
　 The aim of this study was to examine whether the anti-p200 pemphigoid sera really and 

exclusively react with laminin γ1.

　 First, we confirmed the reactivity of all the 15 anti-p200 pemphigoid sera with the 200-kDa p200 

by indirect immunofluorescence of 1 M NaCl-split skin and immunoblotting of normal human dermal 

extract.  The results confirmed the results of the previous studies by Li et al11).

　 The first important result in this study was that, by immunoblotting analysis of extracts of 

various cultured cells using anti-laminin γ1 mAb, all the cultured cells, including HaCaT cells, DJM1 

cells, SCC cells, NHEKs, and dermal fibroblasts, expressed laminin γ1 molecules of approximately 

190 kDa, which were smaller than the 200-kDa laminin γ1 in human dermal extract.

　 In the next experiment, we successfully produced a LAMC1-KO HaCaT cell line, using CRISPR-

Cas9.  Its lack of laminin γ1 expression was confirmed by immunoblotting with the anti-laminin γ1 

mAb.

　 Next, we examined the 15 patient sera by immunoblotting extracts of both the intact HaCaT cells 

and the LAMC1-KO HaCaT cells.  However, none of the patient sera showed positive reactivity with 

the 190-kDa laminin γ1 in either extract.  Thus, we could not confirm that all the patient sera really 
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reacted with laminin γ1 with this approach.

　 The reason for the negative reactivity of patient sera with the smaller 190-kDa laminin γ1 in 

HaCaT cells is currently unknown.  However, it is conceivable that the cultured cells could not 

produce enough post-translational modifications with which the anti-laminin γ1 autoantibodies in 

the patient sera react.  This speculation is supported by previous reports that N-linked glycosylation 

of laminin γ1 influences its recognition by anti-p200 pemphigoid autoantibodies11,12).

　 The present results also suggest that other target proteins may be present.

Conclusions
　 In this study, we could not identify the 200-kDa antigen as laminin γ1 because the patient sera 

did not react with laminin γ1 in either intact or LAMC1-KO HaCaT cells.  However, this approach 

using the CRISPR-Cas9 technique should be useful in identifying true autoantigens in patient sera 

that react with laminin γ1 in cultured cells.  Future studies to clarify the nature of the pathogenic 

autoantibodies in anti-p200 pemphigoid, and particularly to attempt to identify any different 

autoantigen, are warranted.
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Abstract
Background

　 The prognosis of olfactory dysfunction (OD) is variable, largely depending on the etiology.  The 

coronavirus disease 2019 (COVID-19)-related OD tends to resolve within a few weeks; however, 10%-

15% of the patients suffer prolonged OD (POD) persisting beyond the first month.  This study aimed 

to determine the disease burden of COVID-19 in patients with undiagnosed POD and compare the 

characteristics of COVID-19-related POD with other PODs.

Methods

　 Patients with POD (＞4 weeks) visiting our outpatient clinic between December 2020 and January 

2022 were analyzed to include their clinical data, laboratory variables, endoscopy and computed 

tomography findings.  COVID-19 was detected using serological testing; OD severity was assessed 

using the Self-Administered Odor Questionnaire, the Open Essence, and intravenous olfactometry.  

Characteristics of patients with and without COVID-19 were compared.

Results

　 Sixteen patients (11 females; median age: 42 [15-83] years) were included, of which nine were 

serologically positive for COVID-19.  Compared with other etiologies, COVID-19-related POD was 

more commonly sudden onset and presented with gustatory and intranasal trigeminal dysfunction 

(assessed by the patient’s inability to identify the cooling sensation elicited by menthol).  Some 

patients had discrepancies between the change in subjective symptoms and test results; however, 

most COVID-19-related POD patients showed improvement.

Conclusions

　 The overall burden of POD increased significantly due to the COVID-19 pandemic.  Accordingly, 

OD should be assessed using plural subjective tests.  Further research using larger samples and 

targeting different coronavirus variants is required to corroborate these results.

Key Words:    Olfactory dysfunction; COVID-19; Serological test
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Introduction
　 Prolonged olfactory dysfunction (POD) can be triggered by various etiologies, including airway 

obstruction and neural disorders, although viral diseases are common cause.  The recent coronavirus 

disease 2019 (COVID-19) was primarily characterized by impaired olfaction, contributing to an 

overall increase in the prevalence of POD; however, the exact extent is still unknown.  Although 

COVID-19-related olfactory dysfunction (OD) was initially considered to have a good prognosis; 

resolve within a few weeks, recent long-term follow-up reports estimate a significant proportion of 

patients with COVID-19-related olfactory impairment to develop POD (1%-48%)1,2).  In addition, we 

supposed that there were some POD patients who were not able to receive a diagnosis, because the 

inspection system was insufficient just after the COVID-19 pandemic in Japan.  Therefore, this study 

aimed to evaluate the relative burden of COVID-19 disease in a single-center cohort of patients 

diagnosed with a POD of previously undetermined etiology.  The clinical characteristics of COVID-19-

related POD were compared with that caused by other etiologies.

Methods
　 This study is a cross-sectional study, in a single cohort, which considered about the association 

between the clinical characteristics and the progress of OD and COVID-19 infection.  The 

Strengthening the Reporting of Observation Studies in Epidemiology statement guidelines3) were 

followed while reporting the findings.

　 Patients who visited the outpatient clinic at the Department of Otolaryngology, Osaka 

Metropolitan University Hospital, Japan, between December 2020 and January 2022 for self-reported 

prolonged (lasting ＞4 weeks) impairment in sense of smell were included in the study.  Clinical data 

regarding symptoms, laboratory variables, endoscopy and computed tomography (CT) findings, and 

final diagnosis, were extracted from medical records.  This study was approved by the institutional 

review board of the Osaka Metropolitan University (approval number: 2020-162).  All participants 

provided informed consent to participate.

　 To determine the etiology of their POD, participants were tested for anti-severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) antibodies using the Elecsys Anti-SARS-CoV-2 assay (Roche, 

Basel, Switzerland).  Participants with positive serology against SARS-CoV-2 were diagnosed with 

COVID-19-related POD.  Additionally, CT was used to diagnose paranasal sinus abnormalities.  Those 

testing negative for SARS-CoV-2 were categorized either as non-SARS-CoV-2 post-viral POD 

(persistent olfactory sensation impairment after recovery from acute rhinitis) or idiopathic POD.

　 The pattern and severity of olfactory sense impairment were assessed in almost all patients both 

qualitatively and quantitatively using the following methods: (i) Self-Administered Odor 

Questionnaire (SAOQ) developed by the Japan Rhinology Society to assess an individual’s ability to 

identify 20 different odorants4).  (ii) The Open Essence (OE) smell identification card to assess an 

individual’s ability to identify 12 different odorants familiar to the Japanese population5).  Menthol, 

an OE odorant, stimulates intranasal trigeminal system.  (iii) Intravenous olfactometry (IO) to 

measure the latency in recognizing garlic-like odors and perception duration after an injection of 

thiamine propyl-disulfide.  For the SAOQ and OE, the percentage of correct answers indicated the 

degree of impairment.  The participants who were available for the follow-up underwent the SAOQ or 

OE tests again when more than one month has passed since the first visitation of our hospital.  

Moreover, the participants underwent medical examination and interview by an otolaryngologist 
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whenever they visited the hospital.

　 We compared outcomes (SAOQ, IO, and OE) between the two groups, COVID-19-related POD and 

non-COVID-19-related POD.  SAOQ, IO, and total point of OE were compared using Mann-Whitney U 

test.  The ability to recognize menthol was compared using Chi-square test.  A two-sided p ＜0.05 was 

considered statistically significant.

Results
　 We considered 16 patients, (11 females, 69%) with a median age of 42 years (interquartile range: 

15-83 years).  Nine of the 16 patients (56%) were serologically positive for COVID-19-related POD.  

One participant with a ‘high-negative’ result was further tested using the Architect SARS-CoV-2 IgG 

and IgG Ⅱ Quant (Abbott, Chicago, Illinois, USA) immunoassays targeting nucleocapsid and spike 

proteins, respectively.  In the absence of a SARS-CoV-2 vaccination, the participant had ‘positive’ 
results on both confirmatory immunoassays and was, thus, classified as having a positive serology.  

Seven of the nine serological positive participants lacked an acute diagnosis of COVID-19.  Other 

causes of POD included eosinophilic sinusitis (n＝1), non-SARS-CoV-2 post-viral (n＝2), and idiopathic 

(n＝4).  A comparison of clinical characteristics between patients of COVID-19- related POD and POD 

from other etiologies is given in Table1.  In one of COVID-19-related POD patient, the SAOQ and OE 

tests were not performed, and another one patient dropped out of the study.

　 Patients diagnosed with COVID-19-related POD were more likely to experience gustatory 

dysfunction than those with an other-cause POD (n＝6/9, 67% vs n＝2/7, 29%).  Although statistically 

non-significant, POD severity assessed using all three methods tended to increase with COVID-19-

related disease severity of first assessment (median SAOQ: 8.1 vs 16.8; median OE: 4.1 vs 5.9; median 

latency of IO: 24.7 vs 14.0).  Furthermore, on comparing the impairment patterns of OE odor 

Table 1.  Demographic and clinical variables of participants with prolonged olfactory dysfunction

COVID-19-related (n＝8) Other miscellaneous (n＝7) p-value

Age, years (mean±SD) 37.1±20.0 47.7±18.6
Female sex, n (%) 6 (67%) 5 (71%)
Accompanying symptoms, n (%)
　Gustation dysfunction 6 (67%) 2 (29%)
　Dry cough 1 (11%) 0 (0%)
　Nasal obstruction 0 (0%) 1 (14%)
　None 2 (22%) 4 (57%)
Imaging abnormalities, n (%) 0 (0%) 1 (14%)
SAOQ, % (mean±SD) 8.1±10.1 16.8±15.4 p＝0.22
IO, seconds (mean±SD)
　Latency 24.7±15.0 14.0±8.2
　Duration 50.2±45.7 49.4±41.8
OE, points (mean±SD)
　Total 4.1±2.6 5.9±4.4 p＝0.36
　Menthol (Trigeminal dysfunction) 4 (50%) 2 (29%) p＝0.46
　Other 3.6±2.3 5.1±4.1
Prognosis
　Improvement 7 (87.5%) 3 (42.9%) p＝0.11
　No change 1 (12.5%) 4 (57.1%)

- 63 -

Prolonged OD in the COVID-19 Era



discrimination evaluated for different odorants, about half of the patients (n＝4) with COVID-19 were 

not able to recognize the cooling sensation of menthol was higher as compared to only 29% (n＝2/7) of 

those with POD from other causes.  In contrast, COVID-19-related POD had a better prognosis than 

other PODs (n＝7/8, 87.5% vs n＝3/4).  They showed partial improvement by SAOQ, OE, and interview.

　 Table 2 presents details of patients with COVID-19-related POD.  Eight out of nine patients with 

COVID-19 POD experienced sudden onset of olfactory impairment; most of our patients were females 

aged ＜40 years.  The severity of olfactory impairment was variable across the patients; Case3, 4, 6, 

and 8 had discrepancies between the result of OE and SAOQ, but seven of the eight patients reported 

partial improvement.  Case 5 and 8 received nucleic acid amplification test before the visiting our 

hospital.

Discussions
　 In the contemporary COVID-19 era, the burden of POD of Osaka has surprisingly doubled, which 

highlights the considerable threat posed by COVID-19-related POD on the quality of life patients as 

well as the Japanese public health system.  Surprisingly, seven of the nine patients with COVID-19 

lacked an acute diagnosis and were later diagnosed serologically, which reflects the ground situation 

in Japan of a severe shortage of molecular diagnostics.  Other report showed that 20% had IgG 

antibodies, whereas those without a positive COVID-19 diagnosis, and olfactory or gustatory 

dysfunction were the least prevalent in the population without a COVID-19 diagnosis like a symptom 

of fever6).  The existing evidence corroborating the seroprevalence of COVID-19-related impairment in 

olfactory sensations used a subjective assessment of the extent of impairment and lacked quantitative 

data to substantiate these findings7).  Our findings confirmed the previously reported magnitude of 

increased disease burden, using robust indices of qualitative and quantitative analysis (SAOQ, OE, 

Table 2.   The clinical characteristics of COVID-19-related POD patients.  Duration shows the time to first 
visitation of our hospital from the onset of OD.

Sex
Age 

(years)
Onset

Duration 
(weeks)

Accompany 
symptoms

OE
 (points)

SAOQ 
(points)

Prognosis

Case1 Female 56
After nasal 
congestion

12
Gustatory 

dysfunction
0 0 Improvement

Case2 Female 15 Suddenly 28 None 1 4 Improvement

Case3 Female 17 Suddenly 20
Gustatory 

dysfunction
5 27 Improvement

Case4 Female 46 Suddenly 8
Gustatory 

dysfunction
4 0 Improvement

Case5 Female 58 Suddenly 20
Gustatory 

dysfunction
8 20 Improvement

Case6 Male 16 Suddenly 16
Gustatory 

dysfunction
4 2 Improvement

Case7 Female 25 Suddenly 4 Dry cough 6 9 Drop out

Case8 Male 35 Suddenly 8
Gustatory 

dysfunction
5 3 Improvement

Case9 Male 66 Suddenly 56 None None None No change
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and IO), and medical examination by an otolaryngologist.

　 Like the gustatory system, the intranasal trigeminal system is also recognized as a common 

neuronal target of the SARS-CoV-28).  OE, widely used testing method in Japan, comprises menthol as 

one of the 12 odorants used to screen any coexisting intranasal trigeminal dysfunction.  Non-

recognition of the cooling sensation of menthol might indicates a trigeminal dysfunction, which was 

more commonly observed in our patients with COVID-19-related POD.  It was suggested that 

accompanying intranasal trigeminal dysfunction had relevance to POD9).  However, some patients 

reported a subjective improvement in POD during interviews, despite an inconsistent improvement in 

OE scores.  This discrepancy could be attributed to the patient’s inability to distinguish trigeminal 

sensation from olfaction.  Furthermore, it is difficult to evaluate olfactory dysfunction (OD) based 

solely on subjective self-reporting, which was observed as the discrepancy in OE and SAOQ results of 

the same patient.  Thus, multiple approaches, including diagnostic interviews, OE and SAOQ, should 

be used in assessing POD clinically.

　 This study has some limitations.  First, the sample size was small and based on single center; 

therefore, we could not obtain statistically significant differences.  Second, we did not differentiate 

between SARS-CoV-2 variants have been reported so far with only a few differences in demographic 

and symptoms.  Future studies should include a large sample size and examine the differences based 

on the disease variant to corroborate these results.
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Abstract
Background

　 In the treatment of severe COVID-19 pneumonia, we often experience patients with pneumothorax 

or pneumomediastinum.  Complications of such barotrauma make respiratory treatments using 

mechanical ventilation more complicated and difficult.  The purpose of this study was to evaluate the 

incidence and mortality of barotrauma in patients with severe COVID-19 pneumonia and to clarify 

the related factors and the effect of therapy.

Methods

　 From April 2020 to May 2021, 129 patients with severe COVID-19 pneumonia were treated with 

mechanical ventilation in the intensive care unit of the Emergency Critical Care Center of Osaka 

City University Hospital.  After tracheal intubation, patients were mechanically ventilated under 

pressure control mode that kept peak inspiratory pressure below 30 cmH2O.  A muscle relaxant drug 

was administered for 48 hours after tracheal intubation, and airway occlusion pressure was 

monitored to minimize patient self-inf licted lung injury.  We retrospectively investigated the 

incidence of barotrauma and mortality of the patients.

Results

　 Barotrauma occurred in 11 patients (8.5%), 5 with pneumothorax alone, 4 with pneumomediastinum 

alone, and 2 patients with both.  The overall mortality rate of the 129 patients with severe COVID-19 

pneumonia was 23%, but that of the patients complicated with barotrauma was 73%.

Conclusions

　 The incidence of barotrauma in severe COVID-19 pneumonia at our hospital was low compared 

with that of previous reports.  Precise management of mechanical ventilation with strict prevention 

of patient self-inflicted lung injury might be one of the factors leading to this low incidence rate.
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Received  August  2,  2022;  accepted  June  13,  2023.
Correspondence to: Masahiro Miyashita, MD.

Department of Trauma and Critical Care Medicine, Graduate School of Medicine, Osaka Metropolitan 
University, 1-4-3 Asahimachi, Abeno-ku, Osaka 545-8585, Japan
Tel: +81-6-6645-2121;　Fax: +81-6-6645-3986
E-mail: miya@omu.ac.jp

- 67 -

Osaka City Med.  J. Vol. 69, 67-74, 2023



Introduction
　 Since the beginning of 2020, Coronavirus disease-2019 (COVID-19) pneumonia has spread rapidly 

all over the world.  In Japan, patients with severe COVID-19 were transferred to designated hospitals 

by the government.  Osaka City University Hospital, one of these designated hospitals, thus started 

to treat the patients with severe COVID-19 pneumonia who required mechanical ventilation due to 

hypoxemia under oxygen therapy.

　 Patients with severe COVID-19 pneumonia mainly present with acute respiratory distress 

syndrome (ARDS), and we often treat these patients with a high positive end-expiratory pressure 

(PEEP) ventilator setting to prevent alveolar collapse.  However, increased airway pressure may 

cause ventilator-related lung damage, leading to pneumothorax and pneumomediastinum.  Patients 

who develop such barotrauma require more careful control of airway pressure, which makes their 

treatment more difficult.

　 The purpose of this study was to investigate the incidence and mortality of barotrauma in patients 

with severe COVID-19 pneumonia and to clarify the related factors and the effects of therapy.

Methods
　 We retrospectively investigated the medical records of 129 patients with severe COVID-19 

pneumonia treated using mechanical ventilation at our hospital from April 2020 to May 2021.  Plain 

chest X-rays were obtained and examined three times a week, and chest computed tomography (CT) 

images once a week on a routine schedule.  During the first 48 hours after intratracheal intubation, a 

muscle relaxant was administered to suppress spontaneous breathing, and the peak inspiratory 

pressure (PIP) was controlled under 30 cmH2O mainly by using the pressure control mode of the 

mechanical ventilator.  A standard tidal volume (TV) setting and airway occlusion pressure (P0.1) 

monitoring were used to minimize patient self-inf licted lung injury (P-SILI).  Barotrauma, such as 

pneumothorax and/or pneumomediastinum, was diagnosed with the aid of plain X-ray or CT images.  

Details obtained from the medical records included demographics, onset episode, onset time, 

disposition, and mechanical ventilation settings (P0.1, TV, PIP).  The incidence and mortality of the 

patients with barotrauma were analyzed.

Results
　 Barotrauma occurred in 11 patients (8.5%) during the treatment for pneumonia: 5 had 

pneumothorax alone, 4 had pneumomediastinum alone, and 2 patients had both (Fig. 1).  The average 

age of the patients who developed barotrauma was 73 years old.  Most patients with pneumothorax 

had an onset episode of rapid SpO2 decline, whereas patients with pneumomediastinum were 

diagnosed based on slow changes in plain X-ray images, worsening respiratory status, and the 

presence of subcutaneous emphysema.  The average onset of barotrauma was 16 days after the onset 

of COVID-19 pneumonia and 7 days after tracheal intubation.  All patients with pneumothorax were 

managed with tube thoracostomy.  Eight patients died and 3 patients were transferred another 

hospital to continue treatment after the acute phase of pneumonia.  The overall in-hospital mortality 

rate of the patients with severe COVID-19 pneumonia requiring mechanical ventilation was 23%, 

whereas that of the patients with barotrauma was 73%.  After the onset of barotrauma, the average 

time to death was 16 days.  Bronchial asthma was observed in 2 patients and diabetes mellitus in 1 

patient.  None had chronic obstructive pulmonary disease, and smoking history was unavailable 
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(Table 1).

　 During the treatment period, 43 of the 129 (33%) patients had a temporary peak inspiratory 

pressure exceeding 30 cmH2O.  In the patients with barotrauma, this rate was 43% before the 

occurrence of barotrauma.  We investigated P0.1, TV per standard body weight, and PIP during the 3 

days before and after the onset date.  The P0.1 in all patients was less than 10 cmH2O, but it exceeded 

5 cmH2O at some points (Fig. 2).  This suggested that the patients with barotrauma were not 

controlled well enough to prevent P-SILI.  No obvious change of P0.1 was present before and after the 

onset of the barotrauma.  TV tended to decrease after onset, whereas PIP was high before and after 

onset (Figs. 3 and 4).  Taken together, these findings suggested that after the onset of barotrauma, it 

was still difficult to control the airway pressure even if the TV was set to the minimum. 

Figure 1.  CT images of the 68-year-old male patient with pneumothorax and pneumomediastinum.  Four days after 
tracheal intubation, his respiratory condition and subcutaneous emphysema worsened, and he died 6 days after the 
onset of barotrauma.
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Table 1.  Characteristics of the patients with barotrauma

Figure 2.  Airway occlusion pressures during the 7 days around the onset of barotrauma.  Some pressures exceed 5 
cmH2O.  No obvious changes are shown before and after onset.
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Figure 3.  Tidal volume (TV) per standard body weight during the 7 days around the onset of barotrauma.  TV tended 
to decrease after onset.

Figure 4.  Peak inspiratory pressure (PIP) during the 7 days around the onset of barotrauma.  PIP is high at all times 
around the onset date.
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Discussion
　 In COVID-19 pneumonia, the virus triggers the immune system and induces the recruitment of 

inflammatory cells with subsequent production of pro-inflammatory cytokines and chemokines.  This 

phenomenon results in interstitial and alveolar edema that leads to ARDS1).  Although ARDS is 

managed with a high PEEP ventilator setting to prevent alveolar collapse, it is thought that the risk 

of alveolar damage increases due to the high peak pressure2,3).  Severe and prolonged inflammation 

caused by the virus leads to the widespread destruction of alveoli and airspaces, increasing the 

likelihood of rupture with slight pressure changes from mechanical ventilation4,5).  According to 

several reports, the incident of barotrauma is 2% in the patients with severe COVID-19 pneumonia 

and 10 to 40% in those undergoing mechanical ventilation6-9).  S. Ozdemir et al reported that among 

the patients treated for COVID-19 pneumonia in the ICU, the incidence of pneumomediastinum was 

significantly higher in those treated with invasive mechanical ventilation than those treated with 

non-invasive mechanical ventilation10).  The rate of barotrauma at our hospital was 8.5%, which is 

lower than that of previous reports, whereas the mortality rate of the patients with barotrauma was 

73%, similar to that of other reports11-14).

　 We set the TV as low as possible and airway peak pressure not to exceed 30 cmH20, which is the 

same as the conventional ARDS treatment, to prevent ventilator-induced lung injury15,16).  

Furthermore, in recent years, the new concept of P-SILI has emerged, i.e., the possibility that lung 

injury is induced or worsened by the patient’s own inspiratory effort.  In particular, the more severe 

the lung injury is, the more frequently the trans-pulmonary pressure causes self-inflicted pulmonary 

injury.  It has been reported that excessive pressure on the alveolar wall due to the patient’s 

respiratory effort may induce inf lammatory cells in the lungs and promote fibrosis17-21).  At our 

hospital, muscle relaxant is administered for the first 48 hours after tracheal intubation, and P0.1 is 

monitored to minimize P-SILI.  If P0.1 remains high after the decrease in muscle relaxation, the 

relaxant drug is continued for another 24 hours.

　 For respiratory management after barotrauma, we have no choice but to minimize TV to reduce 

the airway pressure, but PIP is still high, suggesting that barotrauma makes respiratory management 

even more difficult.  In addition, P0.1 was relatively high in the patients with barotrauma.  We cannot 

determine whether this has an effect on the inability of patients with barotrauma to control P-SILI 

because there is no comparative data from patients without barotrauma.

　 The use of steroids for patients is recommended according to the treatment of ARDS, and most of 

the patients in this study also used steroids.  Long-term steroid use has been implicated in alveolar 

destruction, and this effect is important22-24).  However, there was a difference in the amount used, and 

some patients were given steroid pulses, but we thought that there was no definite trend (Table 1).

　 The treatment of COVID-19 pneumonia has changed significantly since the pandemic, due to viral 

mutation and the establishment of treatment methods.  Even during the one-year period of this 

study, there were several changes of treatments for COVID-19 pneumonia in our institution, 

including the dose of steroids, antiviral drugs, and the timing of their use.

　 The limitations of this study are its small sample size, performance in a single facility, and lack of 

a cut-off value set for P0.1.  This study is just a case series study and there is no comparison data.  

Therefore, we cannot definitively state how relevant these treatments were to patient outcomes.  It is 

undeniable that changes in treatment methods and strain mutations may have influenced this study.

　 Further study such as a large-scale comparative study is needed in the future.
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　 In conclusion, the incidence of barotrauma in severe COVID-19 pneumonia at our hospital was low 

compared with that of previous reports.  Precise management of mechanical ventilation with strict 

prevention of P-SILI might be one of the factors leading to this low incidence rate.
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Abstract
　 This report describes a case of conversion surgery for pancreatic head cancer with liver metastases 

and renal anemia after combination therapy with anticancer agents and a hypoxia-inducible factor 

prolyl hydroxylase inhibitor. 

　 A 70-year-old woman who visited the urology department for follow-up of postoperative bladder 

cancer and chronic renal failure was diagnosed with pancreatic head cancer.  Computed tomography 

and magnetic resonance imaging revealed no evidence of distant metastasis, and surgery was 

performed.  Two nodules approximately 10 mm in size were found on the liver surface and removed.  

The nodules were diagnosed as metastases by rapid examination.  Chemotherapy was started 4 days 

after surgery.  During outpatient chemotherapy, progression of renal anemia was observed, and 

transfusion and erythropoietin injection were performed once, followed by Vadadustat, which made it 

possible to continue chemotherapy on an outpatient basis without transfusions or erythropoietin 

injections.  Conversion surgery was performed 17 months after the initial diagnosis without the 

appearance of distant metastasis.  The patient has been under observation after conversion surgery 

without recurrence for approximately 7 months.

　 Vadadustat was safely used in a patient with pancreatic cancer and renal dysfunction, and it 

effectively improved renal anemia, allowing the patient to continue outpatient chemotherapy.

Key Words:    Pancreatic adenocarcinoma; Conversion surgery; Renal anemia; Hypoxia-

inducible factor prolyl hydroxylase inhibitor; Liver metastasis
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Introduction
　 Recently, an increasing number of prospective studies including randomized controlled studies 

have described the efficacy of preoperative chemotherapy for pancreatic adenocarcinoma1-3).  In clinical 

situations, it is often difficult to continue the administration of effective doses of anticancer agents for 

patients with renal failure, especially in the presence of refractory anemia.

　 A hypoxia-inducible factor prolyl hydroxylase inhibitor (HIP-PHI) is a hypoxia-inducible factor 

(HIF), a regulator of red blood cell production in the body, which increases the production of 

erythropoietin (EPO).  It also induces the expression of various genes involved in iron metabolism 

and suppresses hepcidin to increase iron utilization efficiency, thereby improving anemia4-6).

　 In this study, we report a case of pancreatic head cancer with liver metastases and chronic renal 

failure associated with severe anemia that was treated by conversion pancreaticoduodenectomy after 

chemotherapy (gemcitabine plus nanoparticle albumin-bound paclitaxel [GnP]) in combination with a 

HIF-PHI. 

Case report
　 In 2020, a 70-year-old woman was referred to our department from the urology department 

because pancreatic head cancer was suggested by plain computed tomography (CT) (Fig. 1A) during 

follow-up for postoperative bladder cancer and chronic renal failure.  Endoscopic ultrasound-guided 

fine needle aspiration disclosed an adenocarcinoma lesion 20 mm in diameter in the pancreatic head 

(Fig. 1B).  Because no vascular invasion or distant metastasis was identified by preoperative imaging 

studies including magnetic resonance imaging (MRI), the patient first underwent surgery with 

curative intent.  At laparotomy, two nodules approximately 10 mm in size were found on hepatic 

surfaces (Fig. 2), which were identified as metastatic adenocarcinoma by intraoperative rapid 

diagnosis.  Therefore, the surgery was completed with removal of only two nodules of the liver, and 

chemotherapy was considered.  The Union for international cancer control (UICC) TNM 8th edition 

classification at this point was T2N0M1 Stage Ⅳ7).

　 Because of the patient’s poor renal function (serum blood urea nitrogen [BUN], 41 mg/dL; 

creatinine [Cre]), 2.6 mg/dL; estimated glomerular filtration rate [eGFR]), 14.89 mL/min/1.7m2), GnP 

was selected as the anticancer regimen.  At the same time, the patient had macrocytic anemia (red 

blood cell, 214×104/μL; hemoglobin [Hb], 7.0 g/dL; hematocrit, 21.7%; mean corpuscular volume, 

101 fL; mean corpscular hemoglobin, 32.7 pg; mean corpuscular hemoglobin consentration, 32.3% and 

reticulocyte count, 13.5%) that was diagnosed as renal anemia because of the lack of findings 

suggesting folate/vitamin B12 deficiency (folic acid, 5.4 ng/mL; vitamin B12, 642 pg/mL) or defective 

iron utilization (Fe, 20 μg/dL, total iron binding capacity, 188 μg/dL and ferritin, 348 ng/mL).  

Initially, GnP (normal regimen : gemcitabine, 1000 mg/BSA; nab-paclitaxel, 125 mg/BSA administered 

on days 1, 8, and 15, every 28 days.) had been administered at 80% of the usual dose on biweekly in 

combination with transfusion and EPO injection.  However, renal anemia became refractory to the 

conventional treatment, making it difficult to continue GnP therapy on an outpatient basis after 

three courses despite the rapid response in terms of tumor markers such as colorectal carcinoma 

antigen 19-9 (CA19-9) and s-pancreas-1 (SPan-1)8) (Fig. 3).  Therefore, we decided to administer an 

HIF-PHI (vadadustat, Vafseo®, Mitsubishi Tanabe Pharma Corporation, Osaka, Japan; oral 300 mg/

day) in an attempt to improve anemic conditions through the production of intrinsic erythropoietin 

and improvement of iron utilization9).  Vadadustat prescribed one tablet a day while checking blood 
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samples every two weeks to keep it to the minimum necessary.  Consequently, anemia was controlled 

in the Hb range of 8-9 g/dL, enabling the continuation of GnP therapy after reducing the dose by 50% 

and on triweekly.  14 courses of GnP (a total of 22 infusions with 6 discontinuations) were performed.  

Side effects of GnP were mild hair loss and peripheral neuropathy of limbs, but chemotherapy could 

be continued.  Vadadustat had no noticeable side effects than mild nausea.

Figure 2.  Liver metastases found in the initial surgery.
A yellowish-white nodule approximately 10 mm in diameter was observed on the surface of hepatic S3 beside the 
round ligament (arrow).  Another tumor in hepatic S2 (8 mm in diameter) was confirmed only by palpation and 
ultrasound. 

Figure 1.  Imaging studies.
A: Plain computed tomography before the initial surgery revealed dilatation of the main pancreatic duct (arrowheads) 
and common bile duct (arrow), although the boundaries of the pancreatic tumor were unclear.  No distant metastases 
were suggested.
B: Endoscopic ultrasound before the initial surgery revealed a 20-mm hypoechoic nodule in the pancreatic head 
(arrowheads).  Fine needle aspiration confirmed the presence of adenocarcinoma.
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Figure 3.  Therapeutic course of chemotherapy and the status of renal function/anemia between the two surgeries.
A hypoxia-inducible factor prolyl hydroxylase inhibitor was first administered 2 months after the start of 
chemotherapy targeting Hb levels of 8-9 g/dL.  In total, 12 courses of gemcitabine plus nanoparticle albumin-bound 
paclitaxel (GnP) had been indicated, but the dose was reduced by 50% because of the gradual deterioration of renal 
function.  Tumor marker (CA19-9) levels rapidly decreased immediately after the start of GnP therapy and remained 
in normal ranges until curative resection. 

Figure 4.  Imaging studies.
Contrast-enhanced computed tomography after chemotherapy revealed a 20-mm hypovascular tumor in the pancreatic 
head (arrowheads).  The dilatation of the main pancreatic duct and common bile duct identified before chemotherapy 
was relieved.  No metastatic lesions were demonstrated.
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　 Fifteen months after first operation, imaging studies including contrast-enhanced CT (Fig. 4), 

MRI, and positron-emission tomography revealed no viable lesions excluding the shrunken (15 mm in 

diameter) primary tumor in the pancreatic head (Fig. 5).  Tumor marker levels remained within normal 

ranges.  By contrast, the patient’s renal dysfunction gradually progressed (serum Cre, 4.87 mg/dL; 

eGFR, 7.43 mL/min/1.7m2), making it impossible to undergo further chemotherapy.  Then, we offered 

conversion pancreaticoduodenectomy with adjustment of acidosis with continuous hemodiafiltration. 

　 In the second surgery, no surgical contraindications such as liver metastases and peritoneal 

disseminations were found, and pancreaticoduodenectomy was completed in the usual manner.  The 

operative time and estimated blood loss were 378 min and 300 mL, respectively.  The postoperative 

course was uneventful, although hospitalization was prolonged because a shunt was created for 

future hemodialysis.  The pathological diagnosis of the resected specimen was Ph, mod, pT3, int, 

Figure 6.  Histopathological images.
About 15 mm of cancer remained around the bile duct, and infiltration was observed (arrow).

Figure 5.  Imaging studies.
A: Positron emission tomography revealed slight accumulation (SUVmax＝5) in the pancreatic head lesion (arrow).  B: 
No metastatic signals were visualized in the liver .
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INFb, ly0, v0, ne1, mpdx, pCH1, pDU0, pS0, pRP0, pPV0, pA0, pPL0, pOO0, pPCM0, pBCM0, pDPM0; 

Evans grade Ⅲ (Fig. 6)10).  Currently, the patient is alive with no evidence of recurrence 7 months 

after the conversion surgery (24 months after the initial diagnosis).

Discussion
　 Despite recent evidence suggesting the efficacy of preoperative chemotherapy for pancreatic 

adenocarcinoma, the optimal regimens for patients with renal dysfunction remain unclear.  In our 

department, GnP has usually been selected as a chemotherapeutic regimen in patients with renal 

failure based on the fact that gemcitabine is degraded in blood to uracil metabolites, which are not 

toxic to the kidneys11,12), and paclitaxel is mainly excreted into bile.  In this patient, the introduction of 

an HIF-PHI in place of transfusion and EPO injections played a key role in assuring the safety and 

feasibility of chemotherapy on an outpatient basis .  This strategy enabled 12 courses of GnP therapy, 

controlling the primary cancer and possible metastatic lesions for 15 months after exploratory 

laparotomy.

　 An HIF-PHI was first delivered to clinical practices in Japan in November 2019 as a therapeutic 

drug for renal anemia during hemodialysis and then extended to patients with chronic renal failure 

in 2020.  Vadadustat improves renal anemia by enhancing endogenous erythropoietin production 

through the stabilization of HIFα enabled by its inhibitory effect on HIF prolyl hydroxylase as well as 

improving iron metabolism13,14).  In addition to its pharmaceutical mechanism of action, oral 

vadadustat has potential advantages over EPO injections in terms of feasibility, especially in 

outpatients requiring frequent infusion treatments such as chemotherapy for malignant diseases.  In 

fact, some authors have suggested the efficacy of HIF-PHIs in the treatment of renal anemia during 

chemotherapy for renal cancer15).

　 Potential concerns about the use of HIP-PHI therapy during chemotherapy include the activation 

of vascular endothelial growth factor, which can enhance tumor angiogenesis.  In animal studies, 

trends of increased rates of mammary gland tumors and lung tumors were revealed, although these 

events occurred following the use of an HIP-PHI at a 143-fold higher dose than the clinical dose16).  

Conversely, other groups reported the inhibition of cancer progression by HIF-PHI therapy in mice, 

probably because of the improvements of blood f low and the oxygen distribution in cancerous tissues 

because of the normalization of blood vessels17).  In this patient, we planned to administer a minimal 

dose of an HIF-PHI to achieve Hb levels of 8-9 g/dL, aiming to avoid the potential risk of tumor 

progression during chemotherapy.  Other possible risks of HIF-PHI therapy in patients with cancer 

undergoing curative surgery include the aggravation of diabetic retinopathy, liver dysfunction, and 

development of thromboembolic diseases9).

　 Despite recent advances in surgical techniques and chemotherapy, the survival benefit of 

conversion surgery for pancreatic cancer with distant metastasis remains controversial.  In previous 

series of pancreatic cancer with liver metastases, favorable long-term outcomes were recorded 

(median overall survival, 18.2-34 months)18-22) after curative resection under conditions in which the 

primary cancer and distant lesions could be controlled by chemotherapy for at least 8 months23-25).  

This patient decided to undergo curative resection because the deterioration of renal function made it 

difficult to continue effective chemotherapy after 15 months of disease control.  Although she has 

remained alive without evidence of recurrence for 7 months after the conversion surgery, we must 

follow-up this patient for years to evaluate the oncological benefit of our strategy consisting of GnP 
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therapy in combination with HIF-PHI therapy for refractory renal anemia.
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Introduction
　 A mycotic aneurysm remains a serious condition that is associated with high morbidity and 

mortality1).  An optimal treatment strategy, including the most appropriate surgical technique and 

material, has been discussed.  Here, we report the case of a patient who presented with a mycotic 

aneurysm in the common iliac artery and was successfully treated by debridement and domino 

reconstruction using the autologous contralateral external iliac artery and expanded 

polytetraf luoroethylene (ePTFE) grafts.  The patient provided consent for the writing, publication, 

and display of photographs in this case report.

Case Report
　 An 85-year-old male patient was admitted to our division for the surgical treatment of a mycotic 

aneurysm in the iliac artery.  A follow-up computed tomography (CT) scan for bladder cancer revealed 

a rapidly growing saccular aneurysm in the right common iliac artery with an irregular contour, 

leading to the diagnosis of a mycotic aneurysm (Figs. 1A and 1B).  A blood culture was negative for 

pathogens.  Obstruction of the right external iliac artery (EIA) and superficial femoral artery was also 
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in the Common Iliac Artery Using an Autologous Graft 
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Figure 1.  Preoperative computed tomographic angiogram.  A saccular aneurysm with an irregular contour (arrow 
heads) is seen in the right common iliac artery.  (A: axial, B: coronal) C, D: The right external iliac artery and 
superficial femoral artery are obstructed.

A

C

B

D
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Figure 2.  Schematic drawing of the surgery.

Figure 3.  Computed tomographic angiogram after the surgery revealing patent autologous iliac artery (arrows) and 
expanded polytetrafluoroethylene (ePTFE) grafts (green).  The prosthesis graft was used for replacement of the left 
external iliac artery, and the graft-to-deep femoral artery bypass was used to treat ischemia in the right extremity 
ischemia. 
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observed (Figs. 1C and 1D).

　 Prior to surgically accessing the infected lesion, a contralateral para-rectal incision was made, and 

an autologous graft from the left EIA was harvested via an extraperitoneal approach and replaced 

with an 8-mm ePTFE graft (GORE® PROPATEN® Vascular Graft; W.L. Gore & Associates, Inc., 

Flagstaff, AZ, USA).  An additional extra-anatomical bypass from the graft-to-right deep femoral 

artery was constructed to treat the occluded right EIA (Fig. 2).  Both grafts were placed in clean 

fields, and the resulting wounds were closed before the next surgical step to prevent contamination.  

A median laparotomy was subsequently performed, and intravenous heparin was administered prior 

to clamping the terminal aorta and left common iliac artery.  The mycotic aneurysmal sac was 

opened, and the right internal iliac artery (ⅡA) was clamped using an 8 Fr balloon catheter.  The 

aneurysm was debrided, and the resulting tissue was sent to the pathology laboratory for culture.  

Domino reconstruction from the terminal aorta to the right ⅡA was completed with the previously 

harvested autologous graft.

　 The culture from the intraoperative debridement specimen was negative.  However, histopathology 

of the resected tissue was compatible with a mycotic aneurysm.  Therefore, cefepime 2 g daily ̶ an 

empirical antibiotic ̶ was administered for 10 days.  White blood cell count became normalized and 

C-reactive protein level reduced to 1.7 mg/dL.  The patient’s condition remained stable, and a CT scan 

on postoperative day 10 showed patency of both the autologous and ePTFE grafts (Fig. 3).  The 

patient was ambulatory and was discharged from our hospital on postoperative day 20.

Discussion
　 The treatment strategy for mycotic aneurysms comprises debridement of the infected tissue and 

reconstruction of vascular continuity.  We employed an extra-anatomical crossover bypass to avoid 

any foreign material in the infected region together with the use of an autologous graft to reconstruct 

the right ⅡA.  Patency of the extra-anatomical bypass has been reported to be slightly low.  Once the 

graft is occluded in the future, patency of the ⅡA will be important as a collateral to the lower 

extremity.  Therefore, we believed that reconstruction of the ⅡA was mandatory.  Furthermore, 

precluding the existence of the transected end could avoid the future formation of pseudoaneurysm. 

　 Several materials for reconstruction have been evaluated, including in situ graft replacement 

using antibiotic-coated prosthetic grafts2), cryopreserved human allografts3), autogenous femoro-

popliteal vein grafts4), and autologous arterial grafts5).  However, the most effective material is yet to 

be determined.

　 A cryopreserved human allograft is a good alternative to a synthetic graft for arterial 

reconstruction3); however, human allografts are not easily available.  The use of autologous venous 

grafts (e.g., femoral, popliteal, and saphenous veins) has been reported6).  Reinfection or aneurysmal 

dilatation was not observed by Daenens et al6) after in situ reconstruction using the femoral veins to 

treat infrarenal aortic graft infections.  However, serious post-surgical complications have been 

reported after using grafts from the femoral or popliteal veins and include the need for revision 

surgery due to major bleeding, above-the-knee amputation, graft limb occlusion, and late graft limb 

stenosis4,7,8).  Severe venous stasis and acute compartment syndrome were also reported after the 

femoral and popliteal veins were harvested.  The great saphenous vein has also been used as an 

alternative because harvesting it is less invasive, and subsequent venous stasis is mild.  To 

accommodate for size discrepancies, the saphenous vein should be spliced.  Reconstructions using 

- 86 -

Sumiya et al



grafts from spiral and paneled saphenous veins are the most well-known procedures9,10).  However, 

late aneurysmal degeneration has been reported11).  These complications elucidate the limitations of 

using venous grafts for arterial reconstructions.  Although autologous grafts may be tolerant to 

infection, venous grafts appear to have limited integrity and durability.  The use of an autologous 

arterial graft would overcome these drawbacks.  In our present case, an autologous graft from the 

contralateral EIA was used for domino reconstruction. 

　 Anatomical limitations of this graft included its own length and diameter.  An autologous graft 

from the EIA was previously used for the reconstruction of the subclavian artery in which the size 

and length were compatible5).  However, in the present case, its limited length did not allow us to 

anatomically bypass the occluded right EIA.  Therefore, extraanatomical bypass was employed.  Other 

drawbacks of domino reconstruction include infection, bleeding, and potential occlusion of the 

synthetic graft used to reconstruct the iliac artery where no pathology was previously present.  

However, the theoretical advantages of infection resistance, durability, and the potential long-term 

patency of this type of viable arterial reconstruction may outweigh these drawbacks.

　 In this case, ilio-deep femoral bypass was not mandatory, because ischemic symptom was minimal, 

such as intermittent claudication.  Avoiding the use of synthetic material as possible could be a good 

strategy during infection condition.  Delayed bypass for right leg ischemia could be a good option.  

　 In conclusion, an autologous graft from the contralateral iliac artery was harvested and replaced 

with an ePTFE graft.  The autologous graft was used for in situ domino reconstruction to successfully 

treat a mycotic aneurysm of the common iliac artery. 
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