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Abstract: Targeted therapy with protein kinase inhibitors (PKIs) represents one
of the important treatment options for non-small cell lung cancer (NSCLC). It

has contributed to improve patients’ survival and quality of life significantly. These
anticancer drugs are administrated orally in flat-fixed doses despite the well-known
large interpatient pharmacokinetic variability and the possible need for dose
individualization. To optimize and individualize dosing of PKls, and thereby increasing
the effectiveness and safety of the treatment, therapeutic drug monitoring (TDM)
is the most frequently mentioned method. Unlike other areas of medicine, TDM
has been rather exceptional in oncological practise since there is a little evidence
or no data for concentration-effect relationships of PKls. Therefore, the aim of this
review is to summarize the pharmacokinetic characteristics of PKls and provide the
evidence supporting the use of TDM for personalised treatment of patients with
NSCLC.
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Introduction

Twenty years ago, in addition to conventional chemotherapy, targeted molecules
began to be used in lung cancer treatment, which significantly contributed to
prolonged and improved lives of patients (Huang et al., 2020). Nevertheless, lung
cancer remains the leading cause of cancer-related death in both sexes worldwide
(Siegel et al., 2022).

Protein kinase inhibitors (PKls) are one of the widely represented drugs for
targeted anticancer treatment. In the pharmacotherapy of lung cancer, PKls are
used in patients with non-small cell lung cancer (NSCLC), that represents about
80% of all cases of lung cancer (Kastelijn et al., 2019). PKls are enzyme inhibitors
that disrupt the signalling pathway in the cell by blocking the action of one or
more of the specific kinases, mostly tyrosine kinases. Such an inhibition affects the
proliferation and survival of the tumour cells (Arora and Scholar, 2005). Targeted
PKI treatment is indicated for patients in whom the presence of driving mutations,
especially activating mutations of EGFR (epidermal growth factor receptor) and
ALK (anaplastic lymphoma kinase), is identified (Kastelijn et al., 2019). More
than 50 tyrosine kinase inhibitors are currently approved for the treatment of
various malignancies, and the number is expected to increase (Cohen et al,,
2021).

These small molecule inhibitors show high inter-individual variability in some
pharmacokinetic parameters, which translates into significantly different drug
concentrations in blood (de Wit et al., 2015; Petit-Jean et al., 2015; Fahmy et al.,
2021). For instance, with gefitinib, the first tyrosine kinase inhibitor used in the
treatment of NSCLC, up to 16-fold interindividual variability of exposure with
repeated administration, is reported (Zhao et al., 2011). Regardless, the “one-
dose-fits-all” approach to PKI dosing still dominate. Consequently, some patients
are at risk of treatment failure in the case of underdosing or increased toxicity in
the case of overdose leading to treatment-limiting side effects (Lankheet et al.,
2014; Menz et al., 2021). Additionally, due to oral administration of PKls, high
demanding patients’ adherence may also contribute to significant differences in the
therapeutic response of these drugs in individuals (Greer et al., 2016).

In context of personalized cancer therapy, therapeutic drug monitoring (TDM)
appears to be a valuable tool to tailor the treatment of the individual patients.
TDM may help to adapt PKls dosage regimen to a specific patient based on the
measured concentrations of drugs in the blood at designed intervals (Kang and
Lee, 2009). This method offers the possibility to reduce toxicity while maintaining
efficacy (Kang and Lee, 2009; Groenland et al., 2019). Unlike the common
practice of determining the levels of certain groups of drugs, such as antibiotics,
antiepileptics, immunosuppressants, TDM is performed exceptionally for oncology
drugs (Clarke et al., 2021). For now, one of the limitations is the lack of information
about relationship among plasma concentration, efficacy and toxicity of most PKls
(Mueller-Schoell et al., 2021). However, positive results with individualized imatinib
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Table 1 - Basic characteristic of EMA- and FDA-approved small protein
kinase inhibitors in NSCLC therapy (by January 2023)

PKls Target Type of kinase Recommend dose Fasted or
kinases inhibitor regimen (mg) Fed state
Fasted
Afatinib EGFR, HER2 Tyrosine 40 od 3 h before or
1 h after meal
Alectinib ALK Tyrosine 600 bid Fed
o ) 90 od for the first 7 d
Brigatinib ALK Tyrosine 180 od from 8" d NI
Capmatinib MET Tyrosine 400 bid NI
Ceritinib ALK, ROS1 Tyrosine 450 od Fed
. ALK, ROST1, ) .
Crizotinib MET Tyrosine 250 bid NI
Serine/ Fasted
Dabrafenib* ~ BRAF V60OE erines. 150 bid 1 h before or
Threonine
2 h after meal
Dacomitinib EGFR, HER2 Tyrosine 45 od NI
Entrectinib ROST, TRK, ALK  Tyrosine 600 od NI
Fasted
Erlotinib EGFR Tyrosine 150 od 1 h before or
2 h after meal
Gefitinib EGFR Tyrosine 250 od NI
Larotrectinib TRK Tyrosine 100 bid NI
Lorlatinib ALK, ROS1 Tyrosine 100 od NI
Mobocertinib  EGFR Tyrosine 160 od NI
Osimertinib EGFR T790M Tyrosine 80 od NI
Fasted
Pralsetinib RET Tyrosine 400 od 2 h before or
1 h after meal
- ) < 50 kg 120 bid
Selpercatinib RET Tyrosine > 50 kg 160 bid NI
Tepotinib MET Tyrosine 450 od Fed
Serine/ Fasted
Trametinib*  MEK1/2 erines. 2 od 1 h before or
Threonine

2 h after meal

PKls are listed alphabetically; source: EPAR — www.ema.europa.eu; NDA — www.fda.gov

*used in combination with dabrafenib or trametinib in NSCLC therapy; ALK — anaplastic lymphoma kinase; bid — twice
daily; BRAF — v-raf murine sarcoma viral oncogene homolog B1; d — day; EGFR — epidermal growth factor receptor;
EMA — European Medicines Agency; FDA — US Food and Drug Administration; HER2 — human epidermal growth factor
receptor 2; MEK — mitogen-activated protein kinase; MET — mesenchymal-epithelial-transition;

NSCLC — non-small cell lung cancer; od — once daily; PKls — protein kinase inhibitors; RET — rearranged during
transfection; NI — not important; ROS1 — proto-oncogene 1; TRK — tropomyosin receptor kinase

TDM of PKls in the Treatment of NSCLC
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dosage using TDM have been demonstrated and its guideline has also been published
(Clarke et al., 2021).

Therefore, the aim of this review is to summarize an overview of the current
knowledge and evidence of the possibilities to tailor the dosage of selected PKls
using TDM, including the necessary pharmacokinetic parameters for personalized
pharmacotherapy of patients with NSCLC.

Literature search
PubMed searches were performed using Boolean logic operations till January
2023. Search terms “pharmacokinetics”, “therapeutic drug monitoring”, “TDM”,
“individualized dosing”, “exposure-response” and “exposure response” were
combined with the name of the individual PKI registered by the European Medicines
Agency (EMA) and US Food and Drug Administration (FDA) in NSCLC treatment
to identify relevant references. Results were limited to studies in adult humans and
English full-text articles published until January 2023. A total of 864 reports were
identified from the initial literature search, out of which 15 relevant publications
were found.

In addition, the references listed in the relevant articles were also examined and

registration information from the EMA and FDA was reviewed.

Pharmacokinetics of currently approved PKls in NSCLC

List of EMA- and FDA-approved small protein kinase inhibitors in NSCLC therapy
with its basic characteristic is summarized in Table 1. Compared to traditional
intravenously applied cytotoxic drugs, PKls are administrated orally on daily

basis, particularly once a day, enabling outpatient treatment. An overview of
pharmacokinetic (PK) properties of the selected PKls is shown in Table 2.

Oral bioavailability ranges from 34% for larotrectinib up to 95% for dabrafenib.
Some PKls such as afatinib, dabrafenib, trametinib and erlotinib are recommended
to be taken in the fasting state. The reason is that a high fat meal reduces C,_,
and AUC (area under concentration-time curve) and vice versa for erlotinib
(approximately twofold higher exposure in fed condition) (Ling et al., 2008).

Most PKls reach the maximum plasma concentration relatively fast (1-4 h),
tepotinib is the only exception (8 h). The drugs are extensively distributed into
tissues and are highly protein bound to alpha-1-acid glycoprotein and albumin
resulting in a large volume of distribution and a long half-life.

Most of them undergo extensive metabolism, mainly via CYP3A4 with secondary
contribution of other CYP enzymes. The exception is afatinib, which metabolism
is negligible. The first mentioned PKls are substrate of cytochrome P450 enzymes,
the drug-drug interaction potential is considered high. Their exposure may be
affected by concomitant use of other drugs that act on the same metabolic ways.
Additionally, some of these drugs undergo auto-inhibition or auto-induction that
make their metabolism at steady-state less predictable. Finally, cigarette smoking
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Prague Medical Report / Vol. 124 (2023) No. 3, p. 199-215 203)

has been known to induce CYP1A enzyme, thus significantly decreasing of erlotinib
concentration, which is particularly important in the population of lung cancer
patients (Petit-Jean et al., 2015).

All mentioned PKls are predominantly excreted in the feces, with only a minor
fraction being eliminated with the urine. These drugs are excreted as metabolites,
except afatinib. Relatively large fraction of the dose of alectinib, ceritinib, crizotinib,
pralsetinib and tepotinib may be excreted as parent compound.

Therapeutic drug monitoring of PKls

Variability observed in clinical response between individuals ranges between
24-84% (Groenland et al., 2019). A broad range of factors, such as genetic
heterogeneity of drug targets, pharmacogenetic background of the patient, patient’s
adherence to treatment, food intake, drug formulation, concomitant medication,
and others, influence the absorption, distribution, metabolism, and excretion of
drugs (Groenland et al., 2019; Janssen et al., 2020). Dose individualization through
measurement of drug concentrations might reduce the interpatient variability in
exposure and thereby favourably influence treatment outcome (de Wit et al.,
2015).

In addition to individualized dosing, TDM can be used to diagnose unexpected
toxicities or lack of therapeutic response, to detect and monitor drug interactions,
to guide underdosing during dosage reduction or withdrawal of therapy, as well as to
control adherence treatment (Kang and Lee, 2009). There are several general criteria
for drugs to be suitable for TDM: availability of validated sensitive bioanalytical
method, unpredictable and wide inter-individual pharmacokinetic variability in
systemic exposure (which affects efficacy and tolerability), narrow therapeutic index,
long-term therapy and correlation between plasma drug concentrations and clinical
effects (Lankheet et al., 2014; Yu et al., 2014).

Proven relationship between exposure and response is fundamental for attempting
to conduct TDM with added value (de Wit et al., 2015). Associations between drug
concentration and therapeutic response have been summarized in several recent
reviews (Verheijen et al., 2017; Janssen et al., 2020; Fahmy et al., 2021; Mueller-
Schoell et al., 2021). Unfortunately, most PKls don’t have well defined thresholds for
efficacy and toxicity, yet. In the absence of evidence-based TDM targets, Verheijen et
al. (2017) suggest using the average population exposure of the approved effective
dose, because the TDM targets of PKls on average correspond to about 80% of the
observed mean or median trough concentration (C_. ). Proposed pharmacokinetic
targets of PKls are presented in Table 3.

To personalize PKls dosing through TDM, the measurement of steady-state
trough or just before the next dose concentration is often used in clinical practice
(Verheijen et al., 2017). Trough levels are more practical than area under the plasma
concentration-time curve due to daily dose and long half-life of PKls and are less to
be influenced by absorption and distribution problems (Kang and Lee, 2009). Ideally,

min

TDM of PKls in the Treatment of NSCLC
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Table 2 — Summary of steady-state pharmacokinetics of PKls after multiple daily
oral doses in cancer patients

Absorption AUC Distribution
PKis
cmax Tmax F (%) (ngxh/ml) VdIF PrB
(ng/ml) (h) ) (%)
Afatinib 38 3 92; | with meal 631 2,870 95.0
Alectinib 676 4 . 37 5,400 4,016 99.0
1 with meal
N 552 (90 mg) 8,165 (90 mg) 153
Brigatinib 1,452 (180 mg) 2 ND 20276 (180 mg) (180 mg) 66.0
Capmatinib 4,780 1-2 70 20,200 164 96.0
L a ND 14,000 4,230*
Ceritinib 674 (750 mg) 4-6 1 with meal (750 mg) (750 mg) 97.0
N 1,177°
Crizotinib 327 4 43 3,084 (50 mg) 91.0
Dabrafenib 1,478 2 ) 95 4,341 70.3 99.7
| with meal
b
Dacomitinib 108 6 80 2,342 1.889 98.0
(20 mg)
Entrectinib 3130 (M) 4-6° >50 48,000 (nMxh) >51 99.0
’ ’ (M5-81) ’
Erlotinib 1,995 4 _59 41,300 232 95.0
1 with meal
Gefitinib 104.5¢ 3-7 59 2,631° 1,400 91.0
Larotrectinib 788 1 34 4,351 374 70.0
Lorlatinib 577 2 81 5,650 390° 66.0
Mobocertinib 70.4 4 37 8627 3,510 99.0
Osimertinib 501 nmol/I 6 ND 11,258 nmol/I 986 99.0
Pralsetinib 2,830 2-4 ND 43,900 268 97.0
Selpercatinib 2,980 (180 mg) 2 73 51,600 (180 mg) 323 97.0
Tepotinib 1,291 8 . 72 27,438 34.6° 98.0
1 with meal
Trametinib 22.2 1.5 72; | with meal 370 214 97.4

PKIs are listed alphabetically. *single dose administration; "single intravenous dose; ‘healthy volunteers
AUC — area under concentration-time curve; CL/F — apparent clearance; C,
ND - not determined; OHD — hydroxy-dabrafenib; PKls — protein kinase inhibitors; PPB — plasma protein binding;

Toax — time to reach C__; T, , — half-life; UD — unchanged drug; Vd/F — apparent volume of distribution

Stasa J.; Gregorova J.; Slanar O; Sima M.
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Metabolism T CLF Excretion
Enzymes (lll)z (I/h) Feces Urine References
(main metabolite) (%) (%)
negligible 36.3 64.2 85% UD 4% UD Afatinib; Wind et al. (2017)
CYP3A4 98 (84% UD Alectinib; Hirota et al.
(M4) 32 >02 9% as M4) <1 (2019)
in vitro 25 12.7 65 25 Brigatinib; Hirota et al.
CYP2C8; CYP3A4 (180 mg) (41% UD) (86% UD)  (2019)
CYP3A4 6.54 19.8 ( 42;8UD) 2 Capmatinib
(o}
in vitro 41?2 33 92 13 Ceritinib; Hirota et al.
CYP3A (750 mg) (750 mg) (68% UD) ’ (2019)
in vitro 422 81 63 22 Crizotinib; Hirota et al.
CYP3A (53% UD) (<2% UD)  (2019)
CYP2CS; )
CYP3A4 (OHD) 8 34.4 71 23 Dabrafenib
78.8 32 o
CYP2D6 70.3 26.9 (20% UD) (<1% UD) Dacomitinib
20 19.6 83 -
CYP3A4 (M5) (M5-40) (M5-52.4)  (22% as M5) 3 Entrectinib
CYP3A4/5 (OSI-420); 90 9 .
CYP1A2 36.2 4.47 (1% UD) (0.3% UD) Erlotinib
CYP3A4; CYP2D6 b 80.8 3.6 -
(M523595) 4 30 4% UD)  (0.5%upy Cefitin
a a 58 39 -
CYP3A4 2.9 98 (5% UD) (20% UD) Larotrectinib
CYP3A4; UGT1A4 23.6% 17.7 (9‘74:JD) (<1;8UD) Lorlatinib
76 3.57 Mobocertinib;
CYP3A (AP32960) 7.6 108 (6% UD) (1.3% UD)  Zhang et al. (2021)
in vitro 48 142 67.8 14.2 Osimertinib;
CYP3A4/5 ’ (1.2% UD) (0.8% UD)  Brown et al. (2017)
in vitro
73 6
CYP3A4; CYP2Dé6; 22.2 9.1 o o Pralsetinib (2020, 2021)
CYP2AI (66% UD) (4.8% UD)
c 69 24 .
CYP3A4 37 6 (14% UD) (12% UD) Selpercatinib
in vitro 85 15 -
CYP3A4: CYP2CB 32 204 (50%UD)  (50%UD) epetinio
non-CYP450 93.6-115.2 5.4 80 <0.1 UD Trametinib

TDM of PKls in the Treatment of NSCLC
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Table 3 — Summary of proposed pharmacokinetic targets of PKls defined
as trough plasma concentration

Proposed Mean/median Exposure- Associated
PKils target exposure response para- References
(ng/ml) (ng/ml) relationship meter(s)
Verheijen et al.
Afatinib NA Crings 2 144 no (2017), Wind
etal. (2017)
- _ Groenland et al.
Alectinib > 435 Crinss = 517 yes PFS (2021
Crinss = Brigatinib;
Brigatinib NA 226 (90 mg) yes PFS, OS Mueller-Schoell
520 (180 mg) etal. (2021)
Capmatinib NA C...=56242 "oUYet . Capmatinib
min.ss characterized
C = 871 Ceritinib;
Ceritinib NA (7";855“1 ) inconclusive ORR Verheijen et al.
3 (2017)
N _ Groenland et al.
Crizotinib > 235 Chrinss = 244 yes PFS (2021)
Dabrafenib;
Dabrafenib NA Crinss = 46.6 no Ouellet et al.
(2014)
Dacomitinib NA Crines = 731 inconclusive PFS.’ tumour Dacomitinib
min.ss shrinkage
Entrectinib NA NA no Entrectinib
Hidalgo et al.
(2001), Lankheet
Erlotinib > 500 Cinss = 1,011 no etal. (2014),
Kenmotsu et al.
(2022)

samples should be taken at steady-state, which is after 5 half-lives, e.g. 8 days for
erlotinib.

Currently, validated analytical method combining liquid chromatography with
tandem mass spectrometry is applied to facilitate therapeutic monitoring of the PKls
in routine practice (Zhou et al., 2021).

Afatinib

The relationship between plasma drug exposure and response for afatinib is sparse.
No correlation between trough concentration and efficacy was found (Afatinib).
Nevertheless, daily doses under 20 mg affected treatment effectiveness in terms of
a significantly shorter progression free survival (PFS) (Lim et al., 2018). In contrast,
the relationship between afatinib trough plasma concentrations and the occurrence
of the adverse events were reported. The severity of diarrhea and rash positively

Stasa J.; Gregorova J.; Slanar O; Sima M.
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Proposed Mean/median Exposure- Associated
PKiIs target exposure response para- References
(ng/ml) (ng/ml) relationship meter(s)
Zhao et al.
(2011), Fahmy
Gefitinib > 200 Chrinss = 266 yes (ON etal. (2021),
Mueller-Schoell
et al. (2021)
Larotrectinib  NA Crinss = 33 no Larotrectinib
Lorlatinib NA Crinss = 114.97  no Chen et al. (2021)
- Gupta et al.
Mobocertinib  NA no (2022)
Brown et al.
) - _ (2017),
Osimertinib NA Crinss = 166 no Mueller-Schoell
etal. (2021)
Pralsetinib NA Crinss = 1,150 no Pralsetinib (2020)
-, not yet -
Selpercatinib ~ NA characterized Selpercatinib
- not yet Xiong et al.
Tepotinib NA characterized (2022)
Trametinib;
Trametinib >10.6 Coin =121 yes PFS Ouellet et al.
(2016)

PKls are listed alphabetically; NA — not available; ORR — objective response rate; OS — overall survival;
PFS — progression free survival; PKls — protein kinase inhibitors

correlated with higher exposure of afatinib (Wind et al., 2017). Due to undefined
TDM target, Verheijen et al. (2017) proposed to use a steady-state C_.-
14.4-27.4 ng/ml of the standard dose of afatinib 40 mg.

Alectinib

The previously proposed C,, threshold of 435 ng/ml for alectinib was proven to
prolong PFS in observational study with NSCLC patients (Groenland et al., 2021).
The authors of the study state that TDM of alectinib should be part of the clinical
routine (Groenland et al., 2021).

Brigatinib

Threshold for brigatinib has not been established yet. Exposure-response analyses
showed positive trends in association between exposure to brigatinib represented mean
of trough concentrations at steady-state and PFS and overall survival (OS) (Brigatinib).

Capmatinib

The exposure-response relationship was inconclusive due to small number of patients
(Capmatinib).

TDM of PKls in the Treatment of NSCLC
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Ceritinib

The results of exposure-response analyses for efficacy did not show a clear
relationship between systemic exposure and objective response rate (ORR) or PFS
in ALK-positive NSCLC patients. Only a trend towards higher ORR with higher
C..;i» was reported (Ceritinib; Verheijen et al., 2017). No threshold for ceritinib has
been proposed so far. Meanwhile, ceritinib C_, | could be interpreted in reference
to the mean C_;, of 871 ng/ml at dosage 750 mg od as target for TDM (Ceritinib;
Verheijen et al., 2017).

Crizotinib

Significant exposure-therapeutic efficacy correlations have been described for
crizotinib before. In an observational study in ALK-positive NSCLC patients,
exposure-response (E-R) analyses were performed using a previously proposed
C..i, threshold of > 235 ng/ml for crizotinib (Groenland et al., 2021). In this study,
the = 235 ng/ml threshold was associated with longer PFS. As well as for alectinib,
the authors of the study state that TDM of crizotinib should be part of the clinical
routine (Groenland et al., 2021).

Dabrafenib

No consistent data for dabrafenib exposure-response relationship exist thus far.
Recent study could not prove significant correlation between dabrafenib (measured
as only parent drug) exposure and response (Raynal et al., 2022) in patients treated
for metastatic melanoma. Verheijen et al. (2017) in the review suggested to target
C..i, 99.6 ng/ml for guided dosing, which was based on the median sum of parent
dabrafenib and its active hydroxyl metabolite in melanoma patients.

Dacomitinib

Only limited exposure-response data exists for dacomitinib in patients with locally
advanced/metastatic NSCLC with EGFR-activating mutations. Drug exposure
suggested slightly positive relationship E-R for PFS and statistically significant for
tumour shrinkage (Dacomitinib).

Entrectinib

No apparent relationship between entrectinib parent (or M5 metabolite) steady-
state exposure and efficacy was observed in E-R analyses in 76 patients with

NTRK- (neurotrophic tyrosine receptor kinase), ROS1- (proto-oncogene 1), or ALK-
positive, locally advanced or metastatic tumours. Results of the analyses suggested
that doses higher than 600 mg are unlikely to produce greater efficacy (Mercier et
al., 2022).

Erlotinib
Steady-state concentration ranged from 580 to 1,820 ng/ml in standard dosing
regimen at 150 mg per day (Hidalgo et al., 2001). At this dosage in phase | study,

Stasa J.; Gregorova J.; Slanar O; Sima M.
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the values of the minimum concentration at steady-state exceeded 500 ng/ml in the
majority of patients (Hidalgo et al., 2001). In preclinical studies, plasma concentration
of 500 ng/ml showed EGFR inhibition associated with an antiproliferative activity
(Hidalgo et al., 2001). This value was reported as a target threshold for erlotinib in
several reviews (Yu et al., 2014; Verheijen et al., 2017; Mueller-Schoell et al., 2021)
despite of lacking the relationship between efficacy and exposure of total

and unbound erlotinib in patients with EGFR-mutated NSCLC (Kenmotsu et al.,
2022).

Gefitinib

In study with NSCLC patients, overall survival was linked to gefitinib trough
concentration. Patients with C_,, = 200 ng/ml had significantly higher overall
survival (14.6 months compared to 4.7 months) (Zhao et al., 2011). Yet, a later
retrospective analysis in NSCLC patients disputed it (Xin et al., 2015). The PFS for
the group patients with lower trough concentration < 200 ng/ml were not inferior
to patients with higher (C . = 200 ng/ml) trough concentration (Xin et al., 2015).
For now, a threshold C,_,, of > 200 ng/ml for TDM gefitinib is reported in the most
recent reviews (Fahmy et al., 2021; Mueller-Schoell et al., 2021).

Larotrectinib
Larotrectinib exposure did not have a statistically significant effect on the probability
of a response (Larotrectinib).

Lorlatinib
The E-R analysis for efficacy was not statistically significant for either efficacy end
points (ORR, intracranial ORR) in patients with NSCLC (Chen et al., 2021).

Mobocertinib

In the exposure-efficacy analyses, systemic exposure based on the molar sum of
exposures to mobocertinib and its active metabolites was not a statistically significant
predictor of clinical response (ORR) (Gupta et al., 2022).

Osimertinib

No evidence of relationship between osimertinib exposure (AUC,,) and efficacy was
observed at the dose range (20-240 mg) studied in patients with NSCLC (Brown

et al., 2017). Interestingly, in recent study, increased osimertinib plasma exposure
was associated with higher risk of death (shorter PFS and OS in unselected NSCLC
patients) (Rodier et al., 2022). In the absence of an exposure-response target, the
geometric mean C_, of 166 ng/ml at approved dose of 80 mg od (once daily) could
be used as a reference to guide TDM (Verheijen et al., 2017; Mueller-Schoell et al.,
2021).

TDM of PKls in the Treatment of NSCLC
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Pralsetinib

Results from registration-enabling study in patients with NSCLC revealed no relevant
or consistent relationships between increasing pralsetinib exposure and efficacy or
safety endpoints. However, pralsetinib mean C, ., of 1,150 ng/ml with the 400 mg
od dose was associated with rapid declines in brain lesion size and prevention from
developing new central nervous system metastases during the study. This value was
close to the predicted brain IC90 of pralsetinib for rearranged during transfection
(RET) inhibition in humans (1,514 ng/ml) (Pralsetinib, 2020).

Selpertinib
The exposure-response relationship is largely unknown (Selpercatinib).

Tepotinib

The relationships between exposure and response for tepotinib is inconclusive
because of the limited data. No clear association of tepotinib exposure (AUC) with
efficacy and safety was observed in study by Xiong and his colleagues (2022).

Trametinib

Population pharmacokinetic analysis demonstrated association between clinical efficacy
and trametinib trough concentrations (Ouellet et al., 2016). Patients with observed
C..., above the median 10.6 ng/ml in phase Il had longer PFS than those below
median. This was not confirmed in phase Ill, where median was higher (13.6 ng/ml)
(Ouellet et al., 2016). On the other hand, trametinib C_,, threshold of 10.6 ng/ml

is consistent with its preclinical target concentration of 10.4 ng/ml that inhibits the
MEK (mitogen-activated protein kinase) pathway (Ouellet et al., 2016). Noted in
study by Ouellet et al. (2016), exposure-response relationship was evaluated only

for trametinib alone, not for combination therapy with dabrafenib. However, recent
study did not confirm the above-mentioned positive relationship when combined with
dabrafenib (Goldwirt et al., 2021).

Discussion and Conclusion
Current fixed dosing strategy is associated with decreased efficacy or on the other
hand causing unnecessary toxicities (Lankheet et al., 2014; Groenland et al., 2019).
There is growing evidence for potential benefits of dosing adjustment based on
pharmacokinetic targets in treatment not only of lung cancer with most PKls. The
consensus guideline for TDM of imatinib has been already developed (Clarke et al.,
2021). Positive examples of treatment optimalization and individualization of PKls
from practice in patients with lung cancer are emerging (Catalan-Latorre et al., 2021).
We have summarized the available evidence on average C.;, and proposed targets
of PKls for treatment of patients with NSCLC. Unfortunately, for a considerable
number of PKls, statistically significant exposure-response correlations are still lacking.
Likewise, most of pharmacokinetic targets have not been established, yet, or they are
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waiting to be validated in prospective studies. Currently, for none of the discussed
agents, TDM is performed as the standard of care.

Despite the mentioned unknows, provided data could be beneficial in cases of
suspected nonadherence to therapy, pharmacokinetic drug-drug interactions, or
unexpected toxicity (Groenland et al., 2019). After selecting the most effective
drug for a specific tumour type, dose individualization could further help in the
personalized treatment of NSCLC patients.
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Abstract: Cannabidiol (CBD) is the second most abundant component of

the plant Cannabis sativa. Currently, CBD is approved for Lennox-Gastaut and
Dravet syndrome and newly for tuberous sclerosis complex. However, based on
the available data, CBD migth have a broad spectrum of potential therapeutic
uses. Therefore, the aim of this review was to summarize the evidence on the
effects of CBD on pain and inflammation of various causes. PubMed and Web of
Science databases were searched until January 2023. The medical keyword term
“cannabidiol” was combined with “pain”, “arthritis”, and “inflammation”. Based

on the initial search for these terms, 9, 5, and 5 relevant publications have been
selected. Based on the available data, it is not possible to draw a clear conclusion
about the effect of CBD to releave pain, because each study used a different route
of administration or treatment regimen. The studies also differed in etiopathogenesis
of pain (chronic, neuropathic, and possibly inflammatory pain), and in general
included only small number of subjects. In case of anti-inflammatory qualities of
CBD, its effect on the intestinal system is negligible. On the other hand, positive
treatment results were observed in all publications dealing with the effect of CBD
on arthritis.
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Introduction

Cannabidiol (CBD) is the second most abundant component of the plant Cannabis
sativa (Nahler et al., 2017). Nowadays, CBD substance is approved by regulatory
authorities only for a few types of resistant epilepsies (Lennox-Gastaut and Dravet
syndrome) and newly for tuberous sclerosis complex but is freely available in the
form of food supplements. Typical oral forms (i.e., capsules) and parenteral forms
can be encountered, but oral sublingual drops, sprays, or inhalation by aerosol,
nebulizer, vapor, or cigarettes are also fairly common. The poor solubility of

the compound in combination with significant first-pass effect cause low rate of
gastrointestinal absorption (European Medicines Agency, 2023). On the other
hand, CBD transport via the lymphatic system contributes significantly to the total
drug exposure after peroral administration (Jelinek et al., 2022). Oral bioavailability
has been described in range of 13—19% and can be notably increased by high-

fat meal (Mechoulam et al., 2002; Lucas et al., 2018). The average bioavailability
was 31% in 5 male participants after smoking (Ohlsson et al., 1986). CBD can

be cumulated in adipose tissues. The metabolic pathways are mainly CYP2C19,
CYP3A and uridine 5-diphosphate glucuronosyltransferase. The primary metabolite
is the 7-OH-CBD metabolite, which is converted into 7-COOH-CBD metabolite
(Lucas et al., 2018). It is not clear if CBD can convert to tetrahydrocannabinol
(THC) in an acidic environment after dosing. There exists some evidence that
acidic environments can support this transformation, but to date no in vivo
experiments have confirmed this hypothesis (Wray et al., 2017). The elimination
half-life (t1/2) was 56 h (European Medicines Agency, 2023). Intravenous
administration, smoking or chronic oral administration results in a longer t1/2 of
24 hours, 31 hours, and 2-5 days, respectively (Ohlsson et al., 1986; Consroe

et al., 1991). Major portion of CBD is excreted unchanged in the feces, while
oxidized and glucuronidated metabolites are excreted via kidneys (Huestis, 2007;
Ujvary and Hanus, 2016).

CBD influences a number of receptors. It is exogenous ligand that interact
primarily with the endocannabinoid system, but the signaling is not completely
understood (Pacher et al., 2020). CBD is negative allosteric modulator of
cannabinoid receptors such as CB1 and CB2 (Laprairie et al., 2015; Cherkasova et
al., 2022). CB1 receptors are primarily located in central nervous system compared
to CB2 receptors (Ramirez et al., 2012). Some of the other most frequent targets
of CBD include ligand-gated ion channels (NaV, GABAA), TRP channels (TRPV1,
TRPV2, TRPA1, TRPMS8), GPCRs (5-HT1A, a1A, CB1, CB2, GPR18, GPR55),
CYP450 enzymes, and nuclear receptors (PPARY) (Pertwee, 2005; Morales et al.,
2017; Morales and Reggio, 2019). The complexity of CBD’s interactions with its
molecular targets suggests a very wide range of potential effects. Many of these have
already been tested in various in vitro/in vivo and preclinical/clinical studies.

Because of that, this review aims to summarise the available evidence on the
potential use of CBD in the treatment of inflammation and its symptoms.

Effects of Cannabidiol in Inflammation
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Literature search
PubMed and Web of Science databases have been searched until January 2023. The
medical subject headings term “cannabidiol” was combined with “pain”, “arthritis”
and “inflammation” using Boolean operators in order to identify relevant references.
Searches were limited only to original articles written in English. The search results
for the term “pain” were limited only to articles dealing with inflammation-related
pain. Finaly, there were excluded studies testing the effects of CBD with combination
with other medicine or using polycomponent mixtures of cannabinoids, except for
mixtures in which the presence of substances with a majority of CBD was clearly
declared.

There were 64, 68, and 481 results filtered based on the initial search for “pain”,
“arthritis” and “inflammation” terms, respectively. Out of which 9, 5, and 5 relevant
publications have been subsequently selected.

Effects of cannabidiol

Although THC has a similar molecular structure and sufficient affinity for both
cannabinoid receptors (CB1 and CB2), CBD has only limited affinity (Pacher

et al., 2020). Some studies in animal and human subjects have shown that the CB2
expression is the primary receptor that regulates the immunosuppressive effect
release of pro-inflammatory cytokines including TNFa and Th1 helper response
(Malfait et al., 2000; James, 2020). Several publications have demonstrated the
potential anti-inflammatory effect of cannabinoids (Nagarkatti et al., 2009). Their
mechanisms of action include activating receptors, inhibiting cytokines and cell
proliferation, inducing apoptosis, etc. (Zurier and Burstein, 2016; Nichols and
Kaplan, 2020). Human B cells, NK cells, neutrophils, CD8+ T cells, monocytes,
and CD4+ T cells are expressed by CB1 and CB2. CB2 expressed changes
correlated with inflammation. Arachidonic acid derivatives (2-arachidonylglycerol
and anandamide) play the immunomodulatory role of CB2. Typically, CB2
stimulation decreases immune cell functions via intracellular signaling mechanisms,
such as activation of mitogen-activated protein kinases and inhibition of adenylate
cyclase activity by Gi/o proteins. In fact, CB2 can suppress the release of TNF-,
IL-2, and IFN- from activated human peripheral lymphocytes and the synthesis of
proinflammatory cytokines including TNF-, IL-6, and IL-8 in human macrophages
and monocytes. Also, endocannabinoid synthesis is increased by toll-like receptor
(TLR) activation, and cannabinoids decrease the TLR-induced inflammatory
response (Pellati et al., 2018). Recent preclinical evidence suggests that CBD has
anti-inflammatory, analgesic and antioxidant effects (Soliman et al., 2021). The
anti-inflammatory effects of cannabinoids have been demonstrated in animal
models of arthritis (Selvi et al., 2008). In animal models of arthritis, CBD provided
pain relief and reduced inflammatory cell infiltration into the joint (Hammell et
al., 2016). The reduction of neuropathic and cancer pain is known indications

for the use of cannabinoids, and three cannabis-based drugs (Nabilone, Sativex
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and Marinol) are used clinically for this purpose (Russo et al., 2007; Mucke et al.,
2018).

Effects of cannabidiol in inflammation

As the publications to date on the effect of CBD on inflammation are very
promising, several research groups are conducting further studies to demonstrate
its effect in different tissues. Couch et al. (2017) used Caco-2 cultures and colonic
samples from patients (bowel cancer [n=13], inflammatory bowel disease [n=6] or
emergency appendectomies [n=6]). They observed that CBD prevented increase
of cytokines in colonic samples and this effect were diminished by CB2 and TRPV1
anatagonists (Couch et al., 2017).

The anti-inflammatory effect of CBD and dexamethasone was also comparedin
another in vitro study. Inflammation was induced by lipopolysaccharide. Upon
administering both substances, a similar effect was observed. However, the
patterns of action differed substantially. CBD attenuated c-Jun N-terminal kinases
phosphorylation levels, whereas dexamethazone attenuated only IkB kinase
phosphorylation levels (Wang et al., 2022). According to a different, CBD has
anti-arthritic activity and may help with joint inflammantion particularly by reaching
synovial fibroblasts in inflammatory disorders (Lowin et al., 2020). A low dose of
CBD impacts the activity of G-proteins, which act as molecular switches transmitting
signals from other stimuli to cells (De Petrocellis et al., 2011).

Two research groups tried to describe anti-inflammantory properties of CBD
in vivo — in Institute of Cancer Research male mice and in rats (Borrelli et al., 2009;
Jamontt et al., 2010). In the first study, the experimental colitis was induced in
mice by dinitrobenzenesulfonic acid (DNBS) (intracolonic administration). In the
second study, acute colitis in rats was induced by 2,4,6-trinitrobenzenesulfonic acid
(TNBS). Both of studies observed reduction of proinflmmantory interleukins. In rats,
CBD not only reduced inflammation, but also reduced the incidence of functional
disruptions.

The reduction of imune cell activaton with CBD in the pancreatic microcirculation
as well as lowering the risk of developing type 1 diabetes (T1D) was also
demonstrated. These experiments show that untreated non-obese diabetic (NOD)
mice developed T1D earlier (19.5 weeks) whereas CBD treated mice (24 weeks)
(Lehmann et al., 2016). However, it should be remembered that T1D is a very
specific type of inflammation.

In a clinical study, CBD was examined as an adjuvant to ongoing treatment
for inflammatory bowel diseases. During the experiment, the disease activity
was monitored as well as laboratory parameters during 8 weeks of treatment
and 2 weeks after. Standard therapy was not changed. Totally, 19 of 20 patients
completed the study. The effects of CBD were insignificant for Crohn’s disease, but
that could be caused by a small dosage of CBD, limited number of patients, or the
lack of the necessary synergism with other cannabinoids (Naftali et al., 2017).

Effects of Cannabidiol in Inflammation
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Table 1 — A summary of studies investigate effects of CBD on intestinal
inflammation

Study sample
(patient popu-

N Treatment Study .
References lation, sample N Conclusion
size, gender and schedule design
age)
male ICR mice CBD (1-10 mg/kg CBD reduced
(3540 g), colitis and 5 mg/kg) was ) proinflmmantiory
. . . disease- ! .
Borrelliet al.  was induced by injected once a day induced interleukins and the
(2009) the intracolonic for 6 consecutive days wet weight/colon

administration
of DNBS

starting 3 days before
induction

animal model

length ratio of the
inflamed tissue.

CBD were i.p.
applied: 5, 10, 15 and
20 mg/kg (n=4, 6, 5

. CBD not only
) and 5, respectively) for ) .
wistar rats male ) _ disease- reduced inflammation,
Jamonttetal. vehicle group (n=11) . .
(2010) induced acute sulphasalazine (n=7) induced but it also reduced the
colitis by TNBS P o animal model incidence of functional
was administered at disruptions
300 mg/kg p.o. One P ’
dose was given every
24 h during 3 days
After 8 ks of
19 patients per oral (10 mg) er e weers _o
. treatment, the index
. (11 men) (average  CBD/placebo twice ) o
Naftali et al. randomized  was very similar in
39 £ 15 years) a day. Test — 8 weeks
(2017) ; , controlled the CBD and placebo
with a Crohn’s of treatment and
; groups CBD had no
disease 2 weeks thereafter )
beneficial effects.
CBD-treated NOD
administered daily mice exhibited
19 seven-week- 5 mg/kg CBD/ disease- substantially
Lehmann ) )
old female NOD placebo i.p. induced decreased leukocyte
et al. (2016) . ) } o
mice 5 times a week animal model activation, and they
for 10 weeks also developed
T1D later.
randomized, There were no
32 female irritable  chewing gum double- group differences in
van Orten- ) ;i )
) bowel syndrome contain 50 mg blinded, pain scores or the
Luiten et al. .
patients were CBD (max. 6 placebo- number of gums used
(2022) )
randomized gums per day) controlled between CBD and
cross-over placebo gum.

CBD — cannabidiol; ICR — Institute of Cancer Research; DNBS — dinitrobenzenesulfonic acid;

TNBS — trinitrobenzenesulfonic acid; NOD — non-obese diabetic
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Also, we found publication where they focused on changing in glycemic and
lipids metabolizmus after dosing CBD and others cannabinoids compare to placebo
(Jadoon et al., 2016). The details about avaible studies are summarized in
Table 1.

Effects of cannabidiol in arthritsis

We evaluated 5 studies which met criteria for inclusion (Table 2). Two of these
studies used a CBD extract, which included traceable amount of other substances.
The study by Gamble et al. (2018) used extract contains low percentage of CBG,
THC and other cannabinoids. The second research group — Heineman et al.

(2022) — declared 99.07% pure isolate of CBD. Both these studies showed significant
improvement in arthritis-related pain.

Similarly, to the previously mentioned studies, these groups administered CBD
intraperitoneally and orally respectively. Based on Malfaits histological findings, we
can confirm that optimal therapeutic effect has CBD at an i.p. dose of 5 mg/kg or an
oral dose of 25 mg/kg. The therapeutic level of CBD is dose-dependent. According
to their data, schematic administration can avoid the relapse of arthritis. Additionally,
they examined the synovial cells, specifically before and after the administration of
CBD. Synovial cell treated by CBD released significantly less TNF when cultivated
in vitro (Malfait et al., 2000).

Effects of cannabidiol in inflammation-related pain

Pain management is a topic, where it is crucial to focus not only on the pain itself,
but its origin. From the 64 found articles, we excluded cancer pain, palliative
care, and pain caused by trauma. Due to these limitations, we were left with 9
publications, which we discuss below (Table 3).

In in vitro (human cells) and in vivo (mouse) models, CBD attenuated the
production of proinflammatory cytokines IL-6 and TNF-a. These experiments
were followed up by randomized, placebo-controlled veterinary study, when CBD
significantly reduced pain and increased mobility in a dose-dependent manner in
osteoarthritic dogs (Verrico et al., 2020).

Monosodium iodoacetate-induced osteoarthritis model in rats was used to
assess the efficacy of CBD after intra-articular administration. CBD/placebo
was administered in addition to using the CB1 receptor antagonist, the CB2 or
the TRPV1 receptor antagonist. These three receptors are responsible for the
anti-inflammatory and analgesic effects of CBD. The anti-inflammation effect of
CBD arises from influencing only the CB2 and the TRPV1 receptor antagonist. Also,
the binding of CBD to the TRPV1 receptor is responsible for the analgesic effect.
Higher doses of CBD have only a local impact on secondary allodynia. Furthermore,
in the acute phase of inflammation after CBD administration, a slowing of nerve
demyelination versus placebo was observed on the 14™ day after induction with
monosodium iodoacetate (Philpott et al., 2017).

Effects of Cannabidiol in Inflammation
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CBD caused no clinical or statistically significant reduction of pain intensity in
randomized, placebo-controlled study in 129 patients with osteoarthritis or psoriatic
arthritis. For effect evaluation, primarily intensity of the pain (0—100 mm), but
additionally Pittsburgh Sleep Quality Index, Hospital Anxiety and Depression Scale,
Pain Catastrophizing Scale (PCS), and Health Assessment Questionnaire Disability
Index were used. However, there are some notable limitations of this study. The
patients absolved only 3 sessions with the doctors — first session where they were
randomized, the second was made after 4 weeks via a phone call, and the last
was made at the end of the study (after 12 weeks), and the dosage of CBD was
20-30 mg/day (Vela et al., 2022).

In contrast, Xu et al. (2020) reported that transdermal aplication of CBD can
cause significant reduction in intense pain, sharp pain, and cold and itchy sensations
in comparison with placebo. On the other hand, this study also has some limitations.
The group of subjects is relatively small (n=29), and the pathology of examined
diseases is heterogenous, which may affect the results. The final evaluation was done
using a questionnaire and using the international scale for neuropatic pain (NPS)

(Xu et al., 2020).

A balanced placebo design trial in healthy adults suggest that CBD and/or
expectations for obtaining CBD can have a distinct effect on different pain outcomes.
The notable limitations of this study are the fact that only a single dose of 50 mg
CBD was used, and only a small group of young subjects were part of the trials
(range 18-27 years) (De Vita et al., 2022).

Schneider et al. (2022) observed no significant effect of CBD on acute pain,
hyperalgesia, and allodynia in comparison with placebo group. Similarly, to the
previous study, the limitations include a single dose (although high), and relatively
small sample of patients (Schneider et al., 2022).

Finally, CBD has not been shown to be superior to placebo as an adjunct
medication for relief of acute non-traumatic back pain. Limitations of this study
include application of only single dose of CBD, possible influence of analgesic
medication used by patients before arrival, and also the verbal numerical pain scale
may be biased by subjective evaluation (Bebee et al., 2021).

Limitation of Wades study is variable range of CBDs dose (2.5-120 mg/24 hours).
They also applied CBD extract which is not detailly described (Wade et al., 2003).

Conclusion

This review provides a structured summarization of available and published evidence
on the effects of CBD in a range of examined diseases. Each research group used
different formulations, routes of administration, treatment regimens, as well as
different groups of subjects. These inconsistencies make it difficult to draw objective
conclusions. Finally, we would also like to note that our review focused on studies
examining CBD’s effect on pain, which also used different etiopathogenesis of pain
(e.g., chronic, neuropathic, or inflammatory pain).

Effects of Cannabidiol in Inflammation
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After evaluating the effects of CBD on intestinal inflammation, it can be concluded
that the positive effect is not proven beyond doubt. On the other hand, all available
data suggest that CBD has a positive effect on joint inflammation (arthritis) and
exihibits a reduction of pro-inflammatory markers.
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Introduction

The history of convalescent plasma (CP)/serum therapy goes back to administration
of horse serum for diphtheria in the 1890s (Behring, 1890; Bracha and Tan, 2011).
The first widespread use of CP as a therapy came with the 1918 Spanish influenza
pandemic caused by the A/H1N1 virus. A later meta-analysis found a lower
mortality risk in patients infected with the Spanish influenza who later developed
pneumonia and received CP treatment (Luke et al., 2006). Prior to introduction of
antibiotics, convalescent serum obtained from immunized animals was widely used to
battle serious bacterial infections. The antibiotic boom after the Second World War
substantially reduced clinical use of CP therapy.

The novel COVID-19 disease brought CP into the spotlight of therapeutic options
in the early pandemic. The use of plasma collected from recovered patients seemed
to be a feasible, readily available and safe treatment.

Those who have recovered from COVID-19 produce and increase the levels of
specific antibodies within three weeks following the onset of the first symptoms.
Initially, IgM and IgA antibodies are created, followed by IgG antibodies about a week
later. The IgM and IgA levels begin to fall after three weeks since the first symptoms
occurred. The protective effect of IgG antibodies lasts longer: their levels decrease
after about six months. Nevertheless, there is a high inter-individual variability in
both the serum levels and production length for each antibody type (Mallano et al.,
2022).

These antibodies can help neutralize the virus and modify the inflammatory
response. Therefore, the use of COVID-19 convalescent plasma containing anti-
SARS-CoV-2 antibodies was considered a suitable experimental therapy for this
disease (Wang et al., 2020).

Material and Methods
Approved by the Ethical Committee of the Institute for Clinical and Experimental
Medicine and the Thomayer University Hospital and conducted at the DAIC
(Department of Anesthesiology and Intensive Care, First Faculty of Medicine,
Charles University and Thomayer University Hospital), our study researched and
evaluated experimental treatment of severely ill COVID-19 inpatients with CP
collected from recovered donors. The patients received two transfusion units of
CP (approx. 200-250 ml each) from different donors. The study protocol reflected
the expert guidelines of CSARIM (Czech Society for Anesthesiology, Resuscitation
and Intensive Medicine) (Balik et al., 2020). The patients signed a consent about
the nature and the extent of proposed plasma therapy, laboratory parameters to
be monitored and expected benefits and risks of the study. Where the informed
consent could not be obtained from the patients, it was signed by a closed relative.
The anti-SARS-CoV-2 convalescent plasma was collected in three large hospitals,
all of them located in the Czech capital of Prague (Thomayer University Hospital,
Institute of Haematology and Blood Transfusion, and General University Hospital in
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Prague). The plasma donation was mandated by complete recovery from laboratory-
confirmed COVID-19, at least 14 days since recovery or end of isolation/quarantine,
good general health, eligibility and standard requirements for blood donation (Turek,
2020).

Given the urgency of the situation, the presence of anti-SARS-CoV-2 antibodies
in the CP was only confirmed by a rapid test (by Innovita) before its administration
to the first 4 patients. The plaque reduction neutralization test (virus neutralisation
test) and IgG/IgA ELISA test to determine the levels of antibodies were taken
subsequently. The plaque reduction neutralization tests were performed at the
Central Military Health Institute, Téchonin, Czech Republic.

Plaque reduction neutralization test: to determine antibody titer, the plasma
sample is incubated in different diluted concentrations with a standard concentration
of virus suspension, and subsequently added to the cell culture. The pathogens that
have not been neutralized by the antibodies then infect the cells. The result is read
under microscope as the cytopathic effect of the virus. A negative result means a
lower antibody titer in the sample than the dilution.

Specific antibody levels: simultaneously with the plaque reduction neutralization
test, the levels of IgG anti-SARS-CoV-2 antibodies were measured at the Thomayer
University Hospital and the Institute of Haematology and Blood Transfusion using
the ELISA test (by Euroimmun, Liibeck, Germany), which contains the recombinant
S1 spike protein domain and intern calibrator allowing for a semi-quantitative
reading. A later comparison showed a correlation between the neutralization test
and the ELISA test results (Figure 1) (Turek et al., 2020). From November 2020,
only CP with a COVID-IgG index value > 3.7, and from January 2021, only CP with
a COVID-IgG levels > 80 BAU (binding antibody units)/ml (equivalent to an index
value of approx. 4.5) were administered to patients.

Viral load: a sample of nasopharyngeal swab or tracheal aspirate culture was taken
before the first CP transfusion to establish the SARS-CoV-2 viral load using the real-
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Figure 1 — ELISA virus neutralisation test.
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Table 1 - COVID-19 severity by NIH

Severity Definition by NIH

Asymptomatic or

presymptomatic PCR SARS-CoV-2 positivity without any symptoms.
infection

Patients with mild illness may exhibit a variety of signs and symptoms
(e.g., fever, cough, sore throat, malaise, headache, muscle pain,

Mild illness - .
nausea, vomiting, diarrhea, loss of taste and smell). They do not have
shortness of breath, dyspnea on exertion, or abnormal imaging.
Moderate illness is defined as evidence of lower respiratory disease
Moderate illness during clinical assessment or imaging, with SpO, = 94% on room air

at sea level.

Patients with COVID-19 are considered to have severe illness if they
Severe illness have SpO, < 94% on room air at sea level, PaO,/FiO, < 300 mm Hg,
a respiratory rate > 30 breaths/min, or lung infiltrates > 50%.

Acute respiratory distress syndrome, virus-induced distributive
(septic) shock, cardiac shock, an exaggerated inflammatory response,
thrombotic disease, and exacerbation of underlying comorbidities
caused by SARS-CoV-2 infection.

Coronavirus Disease 2019 (COVID-19) Treatment Guidelines
NIH — National Institutes of Health

Critical illness

time PCR technique (RT-PCR). The second RT-PCR test was performed on Day 7
following the CP application. Viral load was not measured in the control group due
to technical and logistic reasons.

Study population: the study group consisted of DAIC patients with severe or
critical illness as defined by the National Institutes of Health (NIH) Guidelines
(Table 1) (Coronavirus Disease 2019 [COVID-19] Treatment Guidelines). The
control group comprised severely and critically ill patients who were admitted in our
department in the same time period and received the same treatment as the study
group except CP therapy.

The primary outcome of our study was 30-day and 90-day mortality rates in both
groups. As the secondary outcome, we evaluated the non-specific immunoglobulin
levels (IgA, 1gM, 1gG), inflammatory parameters (C-reactive protein — CRP,
procalcitonin — PCT, and interleukin 6 — |L-6), leucocytes and their populations
(neutrophils, lymphocytes and neutrophil-to-lymphocyte ratio — NLR). The blood
samples were taken before CP administration and on Day 7. In the control group the
tests were taken on the admission day, and on Day 7 intensive care unit (ICU) stay.

The statistic comparison of the discrete data was performed by Pearson’s
chi-squared test with Yates’ correction for continuity. The effect of CP on the
development of the individual parameters under observation was tested by a linear
mixed effect model. R software, version 4.1.3 (Vienna, Austria), with the RStudio
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interface was used for the statistical analysis. Statistically significant was considered
p<0.05.

Results

From April 2020 to March 2021, CP was administered to 52 patients hospitalised

at DAIC with PCR confirmed COVID-19, bilateral viral pneumonia and respiratory
failure requiring treatment with either high flow oxygen therapy, non-invasive
ventilation or mechanical ventilation. One patient was treated solely with
conventional oxygen therapy. 50 patients obtained 2 transfusion units of CP from
different donors, with a minimum interval of 2 hours between each unit. 2 patients
only received one transfusion unit (due to a transfusion-associated circulatory
reaction in 1 patient, and a critical condition following cardiopulmonary resuscitation
with a very poor prognosis in another patient). Along with CP, the patients were
treated with low molecular weight heparin and systemic corticosteroids. Further
medication, which reflected the current knowledge and drug availability at the time,
is included in Table 2. The average age of patients treated with CP was 65.2 £ 13.3
years (average age * standard deviation). There were 37 men (71%) and 15 women
(29%) in the study group.

Out of the 97 patients in the control group, 95 required either high flow oxygen
therapy or non-invasive ventilation or mechanical ventilation, 2 patients received only
conventional oxygen therapy. The average age of controls was 67.5 £ 10.7 years.
There were 64 men (66%) and 33 women (34%) in the control group.

The data on 30-day and 90-day mortality rates were obtained from all patients
both in the study and control group. 30-day mortality among CP-treated patients
was 40.4%, and 48.5% in control group (Figure 2). 90-day mortality was 55.8% in
the study group and 56.7% among controls (Figure 3). No statistically significant
difference was found in both 30-day mortality (p=0.44) and 90-day mortality (p=1).

Table 2 - Overview of medication

Number of Number of

Treatment patients receiving patients receiving

in study group in control group
Low molecular weight heparin 52 (100%) 97 (100%)
Systemic corticotherapy 52 (100%) 94 (97%)
Remdesivir 29 (56%) 32 (33%)
Favipiravir 5 (10%) 19 (20%)
Hydroxychlorochine + isoprinosine 3 (6%) 0
Remdesivir + ivermectin 2 (4%) 2 (2%)
Favipiravir + ivermectin 2 (4%) 1 (1%)
Remdesivir + isoprinosine 1(2%) 0
Ivermectin + isoprinosine 1(2%) 0
Baricitinib 0 2 (2%)

Moravec J; Miller M.; Turek P.; Moravec M.; Nejtek T.; Zazula R.



Prague Medical Report / Vol. 124 (2023) No. 3, p. 230-241 235)

50%

45%

40%

35%
plasma group control group Figure 2 — 30-day mortality.

60%

55%

50%

plasma group control group Figure 3 — 90-day mortality.

The median value (first quartile; third quartile) of length of hospital stay was 16.0
(10.8; 24.0) days in the study group. In the control group, the length of hospital stay
was only 13.0 (8.0; 19.0) days. The difference in the length of hospital stay between
the study and control groups is borderline statistically significant (p=0.04).

The median length of mechanical ventilation was 284 (155; 485) hours in the study
group, and 262 (151; 347) hours in the control group. The difference in the length of
mechanical ventilation was not statistically significant (p=0.053).

Complete data on viral load were obtained from 28 patients: their levels dropped
in 23 patients, rose in 4 of them, and remained unchanged in 1 patient. 11 patients
became PCR SARS-CoV-2 negative on Day 7. On average, the viral load decreased
by 4.7 log10 (p<0.001) copies/ml over the 7 days following CP administration
(Figure 4).

A comparison was made between the levels of inflammatory markers measured
in the study and control groups on T O (patient’s admission to DAIC, that is, before
CP administration), and on Day 7 (eighth day of ICU stay). The following data are
presented as median values (first quartile; third quartile).

Effect of Convalescent Plasma in Severe COVID-19



236)  Prague Medical Report / Vol. 124 (2023) No. 3, p. 230-241

1074
10°
=
£
u
@
2 .5
@ 107 4
-]
I
i=]
=
S
10
Sample
10° —/\~ nasopharyngeal swap
- - tracheal aspirate

Figure 4 — Viral load over time.

Complete data on C-reactive protein values were obtained on T O from all
patients, on Day 7 the data is missing from 11 patients in the study group and
from 22 patients in the control group. On the admission day, the CRP levels were
significantly higher in the study group —171.9 (113.5; 234.9) mg/|, than in the
control group — 113.2 (41.0; 157.0) mg/I, p<0.001. On Day 7, the CRP levels were
lower in the study group — 83.6 (21.4; 134.0) mg/I, compared to the control
group — 98.1 (21.8; 134.4) mg/I, with an average decrease of 74.1 mg/l (p<0.001)
in the study group. Among the controls, the decrease in the CRP levels was
insignificant (p=0.26) (Figure 5).

We also compared the procalcitonin levels, which, however, did not show any
significant difference between the groups on T 0, nor was there any significant
change in PCT levels on Day 7.

A significantly lower level of leucocytes was found in the study group on T 0
(p=0.009). On Day 7, however, the change in the leucocyte levels was insignificant
both in the study and control group (Figure 6).
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Figure 6 — Leucocytes.

A comparison was made of leucocyte populations, namely lymphocytes. No
significant difference was found in the absolute number of lymphocytes between the
groups, whether on T 0 or on Day 7.

Another potentially interesting inflammatory marker that we evaluated was
neutrophil-to-lymphocyte ratio (NLR), the high levels of which are associated with
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higher mortality (Vafadar Moradi et al., 2021). We did not find any statistically
significant difference in the NLR levels between the study and control groups either
on T 0 oron Day 7.

We also chose to examine the levels of individual immunoglobulins (IgA, IgM, and
IgG) as potentially interesting markers of antibody immunity response. Despite a rise
in the IgM levels among the controls on Day 7, we found no statistically significant
difference between the groups (p=0.07). The IgA and IgG levels showed no
significant difference between the groups both on Day 0 and Day 7.

Discussion

At the turn of spring 2020, the world, was hit by the COVID-19 pandemic. With
the speed of the pandemic onset, it was necessary to prepare the inpatient wards
for a surge of patients requiring an isolation regime, and also actively search the
available resources for methods to treat the novel disease. Convalescent plasma
appeared to be a relatively quickly available, proven and inexpensive option

for treatment. Our hospital was among the first ones in the Czech Republic to
use convalescent plasma as a treatment of COVID-19 patients. Before the first
administration of CP, a study protocol was designed to allow for a retrospective
analysis of the CP efficacy.

Despite the well-known complications of blood plasma transfusion as such,

a serious adverse reaction (hypotension) only occurred in one out of 102 CP
administrations. None of the patients developed a circulatory overload that would
lead to heart failure, allergic or anaphylactic reaction, transfusion-related acute lung
injury, haemolytic reaction or transfusion-related infection. Although our study did
not prove the CP efficacy, it also did not prove to be harmful for the patients and
increase morbidity and/or mortality.

Owing to the limited availability of CP and logistic obstacles of the plaque
reduction test in the early pandemic, some patients received CP without establishing
its titer value from neutralisation effect. Subsequent tests revealed a low antibody
titer in several CP units that had been administered, which could have been
the other potential confounding factor for non-superiority of CP over standard
treatment (see Methods above).

The crucial limitation of our study is the absence of data on the dynamics of
viral load in the control group. Its comparison with the data on the study group
could have revealed the effect of CP on the clearance of the virus. On a sample
of 231 patients, Fajnzylber et al. (2020) showed a viral load median value of
4.4 log10 in sputum, and its decrease over time in most patients both in sputum
and nasopharyngeal swab. However, a systematic review on viral load and disease
severity by Dadras et al. (2022) found that even relationship between COVID-19
severity and viral load is inconclusive.

The other limitation of the study is the absence of randomisation. At the time
of the study, the indication criteria for administration were based on the expert
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guidelines of CSARIM, therefore only patients with a severe course were included in
the study in accordance with the guidelines (Balik et al., 2020).

There are probably several reasons for the unsatisfactory outcome of CP
treatment. One of them might be timing: CP was applied to patients who already
required high flow oxygen therapy or ventilatory support and their illness has
reached an advanced stage where the inflammation was difficult to control. Some
studies describe the cytokine-storm rather than the direct cytopathogenic effect
of SARS-CoV-2 to be the primary factor of the tissue damage and respiratory
failure (Yang et al., 2021). According to some studies, application of a different
immunomodulation treatment, namely IL-6 inhibitor (e.g., tocilizumab), leads to
a better prognosis and shorter hospitalisation (RECOVERY Collaborative Group,
2021), while other studies have not proven its effect on mortality rate (Rosas et al.,
2021).

Despite that the fact, that there is currently no evidence for benefit of CP therapy
for COVID-19, which was also the conclusion of our study, there are still weak
recommendation for use a CP (Coronavirus Disease 2019 [COVID-19] Treatment
Guidelines) and some studies suggested a potential benefit for immunocompromised
patients when administrated early (Writing Committee for the REMAP-CAP
Investigators et al., 2021; Denkinger et al., 2023) and CP holds the potential
to evolve in real-time with virus and retain activity against new variants unlike
monoclonal antibodies.

Conclusion
Despite the statistically insignificant difference in 30-day mortality, the 90-day
mortality rate was practically the same in both groups.

This finding corresponds with the outcomes of other large multicentric studies
(Bégin et al., 2021; Writing Committee for the REMAP-CAP Investigators et al.,
2021).

The viral load decrease following CP treatment was evident in most patients,
but it could have been caused by many factors, and its evaluation would require
comparison with the control group.

At the onset of the COVID-19 pandemic, convalescent plasma appeared to be
a promising treatment with the unavailability of targeted therapy and rapid growth
in the patients’ numbers. Today, the therapeutic potential of convalescent plasma
seems to be minimal. Currently, there is an array of accessible antiviral drugs,
monoclonal antibodies and immunomodulatory agents. Although CP administration
did not result in better clinical outcome, it was not harmful for the patients (did
not increase mortality). According to the NIH, CP therapy is not recommended
for immunocompetent patients anymore (Coronavirus Disease 2019 [COVID-19]
Treatment Guidelines). According to the multidisciplinary expert position of
CSARIM, CP therapy is not recommended for patients receiving any ventilation
support or on high flow oxygen therapy (Bohonék et al., 2021).
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Abstract: Patients with chronic kidney disease (CKD) have high cardiovascular risk
(CVR), which is often underestimated by conventional tools. The coronary artery
calcium score (CACS) significantly improves CVR stratification by conventional
tools, but it is often not available in low-resources settings. Aldosterone may be a
cheaper alternative to CACS for CVR assessment in CKD patients. The aim was

to assess the ability of serum aldosterone level to predict CACS in patients with
CKD in comparison to standard predictors. This single-center study included 57
patients aged 40 to 67 years with CKD (estimated glomerular filtration rate [eGFR]
245 ml/min) and arterial hypertension. Serum aldosterone, sex, age, body mass
index, blood pressure, total cholesterol, eGFR, and proteinuria were used for
prediction of CACS>0 Agatston units (AU) and CACS>100 AU. The area under
the curve (AUC) with 95% confidence intervals (Cl) and the mean Brier scores were
examined for predictors of CACS. Aldosterone predicted a CACS>100 AU
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(AUC = 0.72, 95% Cl: 0.56-0.88), but not a CACS>0 AU. Age predicted a
CACS>100 AU (AUC = 0.80, 95% CI: 0.67-0.93) and a CACS>0 AU

(AUC = 0.75, 95% Cl: 0.62-0.89). The addition of aldosterone to age for prediction
of a CACS>100 AU improved the mean Brier score, compared to the model

with age alone, from 0.16 to 0.14, but not the AUC (0.83, 95% ClI: 0.70-0.95).
Aldosterone was a significant predictor of a CACS>100 AU in patients with CKD,
but aldosterone was not a better predictor than age alone.

Introduction

Patients with chronic kidney disease (CKD) are known to have increased overall
and cardiovascular mortality (Matsushita et al., 2016), mostly due to a higher

risk of atherosclerosis development (Valdivielso et al., 2019). Cardiovascular risk
stratification is usually done with simple and reliable tools, such as the SCORE

and Framingham risk chart (D’Agostino et al., 2008; Piepoli et al., 2016). These
tools work well in the general population, but underestimate risk in individuals

with CKD (Matsushita et al., 2016). Accounting for additional markers may

improve the predictive ability of standard tools. The most powerful improvement
of cardiovascular risk prediction made by standard tools was shown by coronary
artery calcium score (CACS) (Osawa et al., 2016; De Lemos et al., 2017), which
works well both for the general population and for patients with CKD (Chen et

al., 2017). CACS is based on computed tomography scanning of the heart with

the measurement of the calcium in the coronary arteries. It is a simple and reliable
test for risk reassessment which does not require special preparation of the patient
(Zhao et al., 2014). However, its implementation in low-income countries may be
problematic. For instance, in Ukraine, the healthcare system provides approximately
25 $ for the yearly follow-up of a middle-aged person in primary care (Orange
Health Consultants, 2018), while the lowest estimated cost for the use of CACS

is 85 $ (Van Kempen et al., 2011). Feasibility is a crucial factor of tests for early
diagnosis of cardiovascular disease. Moreover, in low- and middle-income regions
(including Eastern Europe), only modest reductions in coronary artery disease related
mortality have been observed in the last decades, which may be related to the lower
investments in their healthcare systems (Moran et al., 2014).

For individuals with limited access to CACS, aldosterone may be a candidate
biomarker for the identification of persons with poor cardiovascular prognosis. CKD
itself predisposes to excessive production of aldosterone (Hayashi et al., 2018).

In addition, up to 86% of patients with CKD have arterial hypertension (HTN)
(Judd and Calhoun, 2015), for which the first-line drugs are angiotensin-converting
enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB) (Whelton

et al., 2018; Williams et al., 2018). Their usage may result in a higher production

of aldosterone, which is also called aldosterone “breakthrough” (Schrier, 2010).
Aldosterone is the main driver of the renin-angiotensin-aldosterone (RAAS) system,
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which has pleiotropic effects on the cardiovascular system (rising of systemic blood
pressure [BP], cardiac fibrosis, pro-inflammatory activity, vascular calcification)

and kidneys (renal fibrosis, CKD progression) (Donderski et al., 2017). Measuring
the aldosterone level is much simpler and more feasible than the investigation of
coronary calcium, and therefore may be implemented in routine clinical practice in
the settings of limited access to CACS measurement.

To date, no study assessed the potential prognostic value of aldosterone for
cardiovascular events in patients with CKD. The ability of aldosterone to predict
cardiovascular mortality or hospitalization was not yet assessed in patient with CKD,
but in two previously performed prognostic studies in patients with heart failure it
was assessed, with inconsistent results (Guder et al., 2007; Kobayashi et al., 2020).
Therefore, the aim of this study was to assess the ability of serum aldosterone level
to predict CACS in patients with CKD.

Methods

Study population
Patients for this study were enrolled from January 2018 till July 2019 at the
Dnipropetrovsk Mechnikov Regional Hospital, Dnipro, Ukraine. Inclusion criteria
were: age between 40 and 70 years, established diagnosis of CKD stages 1-3a
(estimated glomerular filtration rate [eGFR] = 45 ml/min), grades I-Il HTN (systolic
BP < 180 mm Hg, diastolic BP < 110 mm Hg), and treatment with ACEi/ARB in
combination with other first-line antihypertensive drug for at least 3 months prior
to the enrolment to the study. None of the patients were treated with aldosterone
receptor blockers at the moment of data collection. 33 of 57 patients (57.9%) were
receiving treatment with statins at the moment of data collection. Exclusion criteria
were: the presence of cardiovascular disease, nephrotic syndrome (urine protein loss
> 3.5 g/24 hours), severe deviations of serum potassium level (<3 of >6 mmol/I),
type 1 diabetes mellitus (DM), type 2 DM requiring insulin therapy, arrhythmia
that required pharmacological treatment, thyroid gland function abnormalities, and
presence of malignancies or hereditary anomalies of the urinary tract.

Diagnosis of CKD was based on KDIGO Guidelines for Evaluation and
Management of CKD (Eknoyan et al., 2013). Patients in the study who fulfilled
the diagnosis of CKD had abnormalities of kidney function or structure for more
than 3 months (eGFR < 60 ml/min, or albuminuria > 30 mg/24 hours, or urine
sediment abnormalities, or structural kidney abnormalities detected by kidney
ultrasound) (Eknoyan et al., 2013). Diagnosis of HTN was established according to
ESC Guidelines for the Management of Arterial Hypertension (Mancia et al., 2013;
Williams et al., 2018). Patients were recommended to restrict salt intake to less than
5 g per day for at least 3 months prior to the enrolment to the study (Eknoyan et al.,
2013).
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Compliance with ethical standards

All the patients gave their written informed consent to the collection and processing
of the data. The study was approved by the Ethical Committee of Dnipropetrovsk
Mechnikov Regional Hospital, Dnipro, Ukraine.

Measurements

CACS

CACS was obtained using computed tomography coronarography, and computed
tomography scans were performed using Optima CT660 (GE Healthcare,
Wisconsin, USA). CACS was reported in Agatston units (AU). The decision to
classify CACS as negative (0 AU), moderate (1-100 AU) or high (>100 AU) was
based on the 2019 ESC/EAS Guidelines for the management of dyslipidaemias
(Mach et al., 2020) and on the study of Chen et al. (2017).

Aldosterone

Evaluation of the serum aldosterone level was performed using reagent Diagnostics
Biochem Canada Aldosterone Elisa Kit, CAN-ALD-450. Blood for the analysis was
taken after at least 8 hours of fasting and after the patient had been seated for

15 minutes. Blood samples were immediately centrifuged at room temperature

at 2,000 rpm for 15 minutes. Serum was collected and stored at —20 °C. Serum
aldosterone level was reported in pg/ml.

Other variables

The following variables were investigated: sex, age, smoking status, body mass index
(BMI), systolic BP (SBP), diastolic BP (DBP), total cholesterol (TC), eGFR and the
presence of proteinuria.

Age was reported in years. BMI was calculated as weight (kg)/height (m)2. BP
evaluation was performed using the automated method and reported in mm Hg.
Assessment of blood TC, creatinine and urine protein presence were performed
using standard methods. eGFR was calculated using the CKD-EPI equation, which
requires patients’ sex, ethnicity, age and serum creatinine, and reported in ml/min
(Eknoyan et al., 2013). Proteinuria was defined as the presence of protein or protein
trace in morning void.

Missing data
There were missing data for TC (13 patients, 22.8%) and eGFR (2 patients, 3.5%).
Missing continuous values were omitted from the calculations.

Statistical analysis

Statistical analyses were performed using LibreOffice and R, version 3.6.3 (Sing et
al., 2005; Robin et al., 2011; Lopez-Ratén et al., 2014; Lele et al., 2019; Firke, 2020;
R Core Team, 2020). The type of data distribution was assessed using a Shapiro-
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Wilk test. In case of normal distribution, continuous data were presented as mean
(with standard deviation) and groups were compared using one-way analysis of
variance. In the case of non-normal distribution, continuous data were presented
as median (with 25" and 75" percentiles) and groups were compared using the
Kruskal-Wallis test. Categorical data were presented as n (%), and groups were
compared using chi-square test.

The ability of variables in the study to predict a CACS > 0 AU and CACS
> 100 AU was assessed. First, all variables available in clinical practice that are
potentially associated with coronary calcification (i.e., sex, age, smoking status, BMI,
SBP, DBP, TC, and eGFR), and serum aldosterone were included in univariate logistic
regression models. Next, only significant predictors were included to the multivariate
logistic regression model with addition of serum aldosterone (per 10 pg/ml) to
assess its ability to improve the prediction. The assumption of linearity of eGFR with
log odds of the outcome was violated and therefore the natural logarithm of eGFR
was included in the logistic regression model. The mean Brier score was used to
estimate the accuracy of the models (scores could range from O [perfect accuracy]
to 0.25 [of no value]). To determine how well the model distinguished between
individuals with and without the outcome, a receiver operating characteristic (ROC)
curve was built with estimation of the area under the curve (AUC). Comparison of
two AUCs was performed with the method by Delong et al. (1988). For statistically
significant predictors, optimal cut-off points were determined (i.e., values of the
predictors that classify the highest number of study participants correctly) with the
highest Youden'’s index (the sum of specificity and sensitivity). Calibration of the
model was assessed with the Hosmer-Lemeshow goodness-of-fit test. The threshold
for confirming statistical hypotheses was set at <0.05.

Results

The study included 57 patients of Caucasian ethnicity aged 40 to 67 years (Table 1).

Mean eGFR of the patients in the study was 77.2 ml/min, and ranged from

45.3 ml/min to 108.3 ml/min. CKD stage 1 was diagnosed in 11 patients (19.3%),

CKD stage 2 was diagnosed in 41 patients (71.9%), and CKD stage 3a was diagnosed

in 5 patients (8.8%). 42 (73.7%) of the patients were females. Age and serum

aldosterone differed significantly between patients with a CACS of 0 AU, 1-100 AU

and >100 AU. Median serum aldosterone was the highest in patients with CACS

> 100 AU, but there was no linear relation between aldosterone and CACS category.

The proportion of females, smoking status, patients with diabetes mellitus and

patients with proteinuria as well as the mean BMI, SBP, TC, eGFR and median DBP

were not different between patients with CACS of 0 AU, 1-100 AU and >100 AU.
Using univariate logistic regression, age was the only significant predictor of CACS

> 0 AU, whereas both age and aldosterone were significant predictors of CACS

> 100 AU (Table 2). In the multivariate logistic regression model, both age and

aldosterone significantly predicted CACS > 100 AU (Table 2).
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Table 1 - Demographic, clinical and laboratory characteristics
of CKD patients with CACS of 0 AU, 1-100 AU and > 100 AU

CACS

Variable (I:tsa;) 0 AU 1-100 >100 AU  p-value
(n=20) AU (n=22) (n=15)

Age, years 56 (53;59) 53 (49; 55) 55 (53; 59) 60 (57;63)  <0.01
Females, n (%) 42 (73.7) 16 (80.0) 15 (68.2) 11 (73.3) 0.69
Smoking, n (%) 6 (10.5) 2 (10.0) 3 (13.6) 1(6.7) 0.79
DM, n (%) 11 (19.3) 2 (10.0) 5(22.7) 4(26.7) 0.48
BMI, kg/m? 31.9 (7.5) 29.6 (6.9) 33.5 (7.0) 32.5 (8.5) 0.21
SBP, mm Hg 139 (17.5) 1385 (154)  137.4(19.2) 1422 (183)  0.58
DBP, mm Hg 85(80;95) 90 (80;91.2)  85(80;96.5)  85(80;90.5) 0.9
TC, mmol/I 5.4 (1.1) 5.6 (1.3) 5.5 (1.2) 5.2 (1.0) 0.38
eGFR, ml/min 772 (13.4) 817 (12.8) 741 (14.4) 75.8 (12.0) 0.18
:r%i”“”a' 33 (57.9) 13 (65.0) 11 (50.0) 9 (60.0) 0.61
Serum aldo- 31 (15;51) 38 (18; 52) 18 (14;34) 48 (30;123)  0.01

sterone, pg/ml

CKD - chronic kidney disease; CACS — coronary artery calcium score; AU — Agatston units; DM — diabetes mellitus;
BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; TC — total cholesterol; eGFR —
estimated glomerular filtration rate

The AUC for age was 0.75 (95% Cl = 0.62-0.88) when predicting a CACS > 0 AU
(Table 3). The AUC for age (0.80 [0.67-0.93]) was higher than that for aldosterone
(0.72 [0.56-0.88]) when predicting CACS > 100 AU, but the difference of the AUCs
was not significant (p=0.39) (Figure 1, Table 2). The addition of aldosterone on top
of age in the prediction of CACS > 100 AU had led to a 10% improvement of the
mean Brier score (from 0.16 to 0.14), but non-significant change in the AUC (0.83
[0.70-0.95]). The AUC of the model with age and aldosterone in the prediction of
CACS > 100 AU was neither different from the AUC for the model with age alone
(p=0.36), nor it was different from the model with aldosterone alone (p=0.16)
(Figure 1, Table 2). According to our data the optimal cut-off point for age for the
prediction of CACS > 0 AU was 57 years (sensitivity = 57%, specificity = 90%). For
the prediction of CACS > 100 AU the optimal cut-off point for serum aldosterone
was 83 pg/ml (sensitivity = 46%, specificity = 90%), for age it was 57 years
(sensitivity = 86%, specificity = 76%).

Discussion

Although the coronary artery calcium score can significantly improve cardiovascular
risk stratification (Osawa et al., 2016; De Lemos et al., 2017), it may not be
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Table 2 - Odds ratios for the prediction of CACS > 0 AU and CACS
>100 AU

CACS >0 AU CACS > 100 AU

OR (95% CI) p-value OR (95% CI) p-value

Univariate models

Age (years) 1.14 (1.04-1.27) 0.01 1.22 (1.08-1.43) 0.01
Female sex (yes/no) 0.59 (0.14-2.07) 0.43 0.98 (0.27-4.09) 0.97
Smoking (yes/no) 1.09 (0.19-8.42) 0.92 0.52 (0.03-3.67) 0.58
DM (yes/no) 2.89 (0.65-20.43) 0.20 1.82 (0.41-7.28) 0.40
BMI (kg/m?) 1.07 (0.99-1.17) 0.10 1.02 (0.94-1.10) 0.68
SBP (mm Hg) 1.00 (0.97-1.04) 0.86 1.01 (0.98-1.05) 0.41
DBP (mm Hg) 1.00 (0.94-1.05) 0.88 0.99 (0.93-1.05) 0.81
TC (mmol/l) 0.84 (0.48-1.44) 0.52 0.75 (0.39-1.37) 0.37
eGFR (ml/min) 0.04 (0.00-1.12) 0.07 0.50 (0.02-14.86) 0.68
Serum aldosterone (10 pg/ml) 1.02 (0.92-1.16) 0.68 1.18 (1.05-1.35) 0.01

Multivariate model

Age (years) - - 1.20 (1.06-1.41) 0.01
Serum aldosterone (10 pg/ml) - - 1.16 (1.02-1.34) 0.03

CACS — coronary artery calcium score; AU — Agatston units; OR — odds ratio; Cl — confidence interval; DM — diabetes
mellitus; BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; TC — total cholesterol;
eGFR — estimated glomerular filtration rate

Table 3 - Estimations of accuracy, distinguishing ability and calibration
of the models for prediction CACS > 0 AU and CACS > 100 AU

Mean Brier H-L
score AUC (€ test
CACS >0 AU Age 0.20 0.75 (0.62-0.89) -
Age 0.16 0.80 (0.67-0.93) -
CACS > 100 AU Aldosterone 0.16 0.72 (0.56-0.88) 0.67
Age + aldosterone 0.14 0.83 (0.70-0.95) 0.81

CACS — coronary artery calcium score; AU — Agatston units; AUC — area under the curve; Cl — confidence interval;
H-L test — Hosmer-Lemeshow goodness-of-fit test (p-value). P-values for the comparison of the AUCs using method
by Delong et al. (1988): age vs. aldosterone — p=0.39; age vs. age + aldosterone — p=0.36; aldosterone vs. age +
aldosterone — p=0.16

affordable for low and middle income countries (Mancia et al., 2013; Zhao et al.,
2014). Therefore, a cheaper measure, such as serum aldosterone, to predict the
coronary artery calcium score is needed. Findings of this single-center study from
Ukraine indicate that aldosterone could predict CACS > 100 AU in patients with
CKD. However, aldosterone was not a better predictor than age alone.
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Figure 1 — Receiver operating characteristic curves for the prediction of CACS (coronary artery calcium score)
> 0 AU (Agatston units) (a) and CACS > 100 AU (b).

Coronary artery calcium score in the prediction of cardiovascular events

CACS implementation has clear benefits: it is a highly reproducible test, it is
non-invasive, fast and simple in performance and its added value to standard
cardiovascular risk prediction tools is the greatest among other proposed risk
factors (Mancia et al., 2013; Zhao et al., 2014). At the same time, the equipment
for CACS may not be available in low and middle income countries, and this
equipment requires qualified operators (Zhao et al., 2014). In low resource
settings, new diagnostic tools are concentrated in the clinics of big administrative
centers, rather than in small clinics (Vedanthan et al., 2014). Governments usually
cover only a limited number of investigations, while the fee for the access to a
new diagnostic tool may be too high for the majority of the patients (Vedanthan
et al., 2014; Zhao et al., 2014). The cost-effectiveness of CACS is a matter of
debate (Van Kempen et al., 2011; Mancia et al., 2013; Pletcher, 2016). In the 2013
European Society of Hypertension/European Society of Cardiology Guidelines for
the management of arterial hypertension, CACS received the lowest possible grade
for cost-effectiveness (Mancia et al., 2013), and there is concern whether it should
be recommended for asymptomatic women (Van Kempen et al., 2011; Pletcher,
2016). However, coronary artery calcium scoring in certain populations could
allow improvement of outcomes. In asymptomatic individuals, CACS > 100 AU
may be regarded as an indication for reclassifying of their cardiovascular risk into a
higher grade with the corresponding revision of treatment (Mach et al., 2020). For
symptomatic patients, a negative CACS indicates a low probability of obstructive
coronary artery disease (Knuuti et al., 2020). Finally, it may be suggested that the
interpretation of CACS results for CKD patients should be different from the
general population. CACS in CKD patients may be influenced by the calcification
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of the medial layer of coronary arteries and, therefore, reflect non-obstructive
atherosclerosis (Chen et al., 2017).

Aldosterone in the prediction of cardiovascular events

Aldosterone may be a promising and cheap alternative predictor of cardiovascular
events due to the presence of a likely causal relationship between aldosterone
and cardiovascular complications (Donderski et al., 2017). The majority of
patients with CKD do not die from CKD-related causes of death, but rather die
from cardiovascular complications (Thompson et al., 2015). High cardiovascular
mortality in CKD patients is related to the rapid development of atherosclerosis,
which pathogenesis in CKD is complex (Valdivielso et al., 2019). The development
of atherosclerosis in CKD may be influenced by additional (non-classical)
cardiovascular risk factors such as low-grade inflammation, mineral and bone
disorder and fluid overload (Valdivielso et al., 2019). Aldosterone can be regarded
as the factor that participates in all the mentioned pathways (Donderski et

al., 2017). However, its measurement may be suggested only in CKD, which

is usually accompanied by aldosterone excess or mineralocorticoid receptor
activation (Donderski et al., 2017). Unlike other proposed additional markers of
cardiovascular events (Osawa et al., 2016; Chen et al., 2018), aldosterone, may
be also a treatment target. The involvement of aldosterone in multiple pathways
of atherosclerosis progression and availability of aldosterone antagonists (Funder,
2017) provide a good reason for testing aldosterone in routine clinical practice for
patients with CKD.

So far it was unclear to what extent aldosterone can be used for cardiovascular
risk assessment in patients with CKD. The results of our study now show that
aldosterone could predict CACS > 100 AU, but could not predict CACS > 0 AU. In
our study the optimal cut-off point for aldosterone in prediction of CACS > 100 AU
(83 pg/ml) was found to be close to the threshold for diagnosing high aldosterone
in Ukrainian guidelines — 90 pg/ml (Mostovoy and Sidorov, 2016). However, the
sensitivity of this optimal cut-off point was 46%, which indicates that more than a
half of patients with aldosterone below 83 pg/ml would be falsely classified as having
CACS < 100 AU. Therefore, aldosterone measurement may not be recommended
in routine clinical practice for prediction of CACS > 100 AU and reassessment of
cardiovascular risk in the patients with CKD (Mach et al., 2020).

Moreover, according to results of our study, aldosterone was not a better
predictor of CACS than age. In our study age was a significant predictor of both
CACS > 100 AU and CACS > 0 AU. Both models for prediction of CACS by age
showed that the optimal cut-off point was 57 years. In our study, the optimal cut-off
point for age in the prediction of CACS > 100 AU had good sensitivity (86%) and
specificity (76%), which allow to consider it for usage in routine clinical practices. The
optimal cut-off points for age in our study were close to the age of 55 years, after
which changes in treatment may be considered for asymptomatic persons (according
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to the 2019 American College of Cardiology/American Heart Association Guideline
on the Primary Prevention of Cardiovascular Disease) (Arnett et al., 2019).

Several important remarks needed to be made. First, the population of patients
with CKD in Ukraine is much younger compared to other European countries
(Kramer et al., 2019). Second, although age is known to be a powerful cardiovascular
risk factor (D’Agostino et al., 2008; Piepoli et al., 2016), age alone may not be
sufficient for a good discrimination of patients’ risk. In the countries that use the
same variables for cardiovascular risk stratification (including age), mortality rates
differ dramatically (Timmis et al., 2018). Therefore, cardiovascular risk assessment
tools that are supposed to have a high predictive value in high income countries may
not be generalizable to low-income countries and vice versa. It was hypothesized
that aldosterone may improve the prognostic ability of age-based models for
cardiovascular risk stratification. However, our study shows that aldosterone neither
was better than age in the prediction of CACS, nor did it improve the prediction of
CACS by age in CKD patients in Ukraine.

Strengths and limitations

A main strength of this study is the availability of both data on CACS and
aldosterone in patients with CKD from an Eastern European country with high
cardiovascular mortality (Timmis et al., 2018) and early development of chronic
kidney disease (Kramer et al., 2019). This study also has several limitations. One

of the main limitations is the small sample size. Results of this study need to

be confirmed in a study with a larger sample and external validation is needed.
Simultaneous evaluation of serum renin was not performed, therefore differentiation
between primary and secondary causes of aldosterone level elevation was not
possible. In addition, data about serum aldosterone prior to the start of ACEi/ARB
therapy was missing. Therefore, it was impossible to determine whether aldosterone
elevation was related to the start of antihypertensive treatment (the aldosterone
“breakthrough” phenomenon). The study sample included patients with CKD, and
some of the patient had CKD related to systemic sclerosis (n=13). The pathogenesis
of organ damage in systemic sclerosis is unique (includes inflammation, excessive
fibrosis and vasculopathy) (Orlandi et al., 2018), which could influence the results of
the study. However, patients with systemic sclerosis in our study had a stable course
of the disease with controlled inflammation and did not receive methotrexate. Also,
there was no significant difference in the distribution of sex, age, eGFR, CACS

> 0 AU, and CACS > 100 AU between patients with and without systemic

sclerosis.

Conclusion

Findings of our study in a sample of CKD patients from a single center in Ukraine
suggest that aldosterone was a significant predictor of CACS > 100 AU, but
aldosterone was not a better predictor than age. Our findings need to be confirmed
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in a larger external sample. Results of this study may be useful for clinicians, who
could use age for the assessment of atherosclerosis progression in CKD patients,
when CACS is not available. Our study highlights the need for the development of
risk assessment tools tailored to local populations with CKD and to the economic
resources of healthcare systems.
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Abstract: The acute scrotum (AS) in the pediatric population is a medical
emergency. AS is usually caused by testicular torsion (TT) and torsion of the
appendix testis (TAT). The current study explored which demographic and clinical
characteristics can help distinguish between TT and TAT. We analyzed all children
<16 years who underwent surgical exploration for AS. The patients were divided
into Group 1/TT and Group 2/TAT. Ninety patients were included in the study

(24 with TT and 66 with TAT). The peak incidence of TT was significantly higher
than in the TAT group (p<0.001). Scrotal pain was more prevalent in the TAT group
(p=0.02), whereas systemic signs (nausea/vomiting and abdominal pain) affected
more frequently the TT patients (p=0.003 and p<0.001, respectively). The duration
of symptoms was significantly longer in the TAT group (p<0.001). The duration of
symptoms in the TT cohort significantly impacted the testicular salvage (p=0.008).
Color Doppler ultrasound (CDUS) findings of absent/decreased testicular blood
flow in the affected testis strongly favored the diagnosis of TT (p<0.001). The older
age, shorter duration of symptoms, systemic signs, and CDUS findings can help
distinguish between the two most common acute scrotum causes.
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Introduction

In childhood or adolescence, the acute scrotum (AS) is a medical emergency
characterized by acute scrotal pain with or without swelling and erythema (Gatti and
Murphy, 2008). The most common pathologies encountered in the broad spectrum
of pediatric AS are torsion of the appendix testis (TAT), testicular torsion (TT),

and epididymo-orchitis (EO). The most important differential diagnosis for ASis TT,
which accounts for up to 25% of acute scrotal disease in the pediatric population
(Lemini et al., 2016). Testicular torsion (Figure 1A) can occur at any age but usually
occurs in young males, with a bimodal incidence in the pediatric population: during
the first year of life and between the ages of 13 and 16 (Pogorelic et al., 2016).

Figure 1A and B — Intraoperative images

of a testicular torsion of a 12-year-old

boy (A) and a torsion of the appendix testis
of a 7-year-old boy (B).
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In contrast, the most frequently detected pathology during scrotal exploration is
TAT (Figure 1B), representing 54—71% of the operative diagnosis of AS (Mushtaq et
al., 2003; Hart et al., 2016; Lala et al., 2019). TAT makes up 95% of torsed appendices
(Vijayaraghavan, 2006).

Clinical distinction between TT and TAT is frequently tricky but critical because
timely assessment and intervention in TT cases can preserve the affected testicle
(Boettcher et al., 2012; Kumar et al., 2020). If treated within 6 hours of the presenting
pain, there is a good chance of saving the affected testicle, as 90-100% of testicles will
be saved. If treated within 6—12 h, depending on the degree of the torsion, 20-50%
of testicles will be saved, and if treated within 12—24 h, only 0—10% of testicles will be
saved (Pogorelic et al., 2021).

Various studies explored the differentiation of TT from TAT (Ciftci et al., 2004;
Fujita et al., 2017; Tanaka et al., 2020). However, differential diagnosis of AS,
particularly TT, remains challenging and shows a considerable risk of misdiagnosis
(Ciftci et al., 2004).

The present study analyzed the pediatric cohort of TT and TAT and explored the
impact of baseline demographic and clinical characteristics on differential causes of AS.

Material and Methods

We conducted a retrospective study using a cohort of pediatric patients presenting
with AS who underwent scrotal exploration at the University Clinical Center Sarajevo,
Bosnia and Herzegovina, between 2012 and 2016. Data were obtained from the
medical records. We divided the patients into two groups according to the operative
findings: Group 1 or TT group and Group 2 or TAT group and compared baseline
demographic and clinical characteristics between them. The patients with TT were
divided into two subgroups according to testicular viability and the type of treatment:
orchidectomy and orchidopexy groups.

The primary outcome of the study was to explore the difference between testicular
torsion and torsion of the appendix testicles based on their baseline demographic
and clinical characteristics. The secondary outcome was determining the association
between symptom duration and degree of torsion with treatment outcome
(orchidectomy vs. orchidopexy) in boys and adolescents with testicular torsion.

Inclusion criteria for the study were confirmed diagnosis of TT or TAT and age
below 16 years. Those with other causes of AS and those with incomplete or missing
data were excluded from the study.

The following demographic and clinical characteristics were recorded: age, laterality
(right/left), presenting symptoms (scrotal pain, erythema of the scrotal skin, swelling,
nausea/vomiting, abdominal pain, and fever), duration of symptoms, seasonality,
history of scrotal trauma, and color Doppler ultrasound (CDUS). Patients’ age was
categorized into five groups: <1 year, 1-3, 4-6, 7-11, and 1216 years.

All patients underwent testicular ultrasonography with CDUS before surgery.

The access for surgical exploration of the testis in all cases was through the midline

Testicular Torsion vs. Torsion of the Appendix Testis
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scrotal incision. TT was defined as twisting the spermatic cord and its contents with
resultant ischemia due to compromised blood flow to the testicle. TAT was defined
as twisting and ischemia of the testicular appendage located on the superior pole of
the testicle between the testis and epididymis.

All medical records were de-identified and pseudo-anonymized for the current
study. The study was approved by the local institutional review board (IRB) (Ethical
Committee of the Clinical Center, University of Sarajevo, 0901-2-678/18). The IRB
waived informed consent due to the retrospective nature of the study.

Statistical analysis

Mean and median were used to measure central tendency, standard deviation, and
range as dispersion measures for continuous variables. The values of categorical
variables were presented as numbers or percentages. The Kolmogorov-Smirnov test
tested the normality of data distribution for each variable. Chi-square and Fisher’s
exact tests were used to explore the differences between the categorical variables.
P-values < 0.05 were considered significant. All statistical assays were performed
using the Statistical Package for the Social Sciences (SPSS) IBM Version 26 (SPSS)
(UNICOM Systems, Inc.).

Results
The baseline demographic and clinical characteristics of the two pediatric cohorts
are presented in Table 1.

Ninety-eight pediatric patients with AS were identified in the period 2012-2016.
Eight patients were excluded from the study as they had other pathologies (e.g., EO,
n=4) or incomplete clinical histories (n=4). Thus, 90 patients with TT and TAT met
the inclusion criteria and constituted the final cohort.

Twenty-four TT cases (26.6%) (Group 1) and 66 (73.4%) TAT cases (Group 2)
were seen during the study period. Patients with TT in this study were significantly
older (13.5 £ 2.6 years [range, ten days — 15.8 years]) than those with TAT
(9.5 £ 2.8 years [range 0.7-14.7 years]) (p<0.001).

Although TT and TAT affected children of different ages, significant differences
in both groups were observed. Thus, the peak incidence of TT was in the age of
12-16 years (75%), whereas the peak of TAT was in the age group of 711 years
(57%) (p<0.001 for both calculations).

There was no statistically significant difference between the two groups in laterality
(p=0.28). However, left-sided scrotal involvement was more common in TT cases
(66%), whereas TAT cases had no significant difference in affected sides. We found
that right-sided TT increases in adolescent patients: left-side TT involvement was
recorded in 100% of patients under 12 years. In comparison, the incidence on that
side dropped to 55.6% in patients aged 212.

Scrotal pain, erythema of the scrotal skin, and scrotal swelling were the most
common clinical symptoms in both observed groups (Table 1). Interestingly, scrotal
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Table 1 — Baseline demographic, clinical characteristics and

259)

ultrasonography findings of patients with testicular torsion and torsion of

the appendix testis

. Testicular Torsion of the
Variable . . . P-value
torsion appendix testis
Demographic characteristics of the cohort
Patients (n=90) 24 (26.6%) 66 (73.4%)
Age (year; median £ SD) 13526 9.5 £2.8* <0.001
<1 year 2 (8.3%) 1(1.5%)
1-3 years 1 (4.2%) 5(7.7%)
4-6 years 2 (8.3%) 6 (9.2%) <0.001
7-11 years 1 (4.2%) 37 (57%)
12-16 years 18 (75%) 16 (24.6%)
Laterality (n %)
Right side 8 (33.3%) 33 (50%)
Left side 16 (66.6%) 32 (48.5%) 0.8
Both sides 0 (0%) 1(1.5%) ’
History of trauma
Yes 2 (8.3%) 11 (16.7%) 0.50
No 22 (91.7%) 55 (83.3%) ’
Presenting clinical symptoms
Scrotal pain (n %) 20 (83.3%) 65 (98.5%) 0.02
Erythema (n %) 20 (83.3%) 51 (77.3%) 0.77
Swelling (n %) 13 (54.2%) 44 (66.6%) 0.33
Nausea/vomiting (n %) 7 (29.2%) 3 (4.5%) 0.003
Abdominal pain (n %) 6 (25%) 0 (0%) <0.001
Fever (n %) 2 (8.3%) 0 (0%) 0.07
Duration of symptoms mean: 24 hours, median: 48 hours (range, 30 minutes — 480 hours)
<6 hours 9 (37.5%) 7 (10.6%)
6-12 hours 0 (0%) 4 (6%)
12-24 hours 7 (29.2%) 5 (7.5%) <0.001
>24 hours 8 (33.3%) 50 (75.7%)
Season
Spring 4 (16.6%) 18 (27.2%)
Summer 8 (33.3%) 11 (16.7%) 031
Autumn 7 (29.2%) 18 (27.2%) ’
Winter 5 (21%) 19 (28.7%)
Color Doppler ultrasound findings
Absent/decreased flow 23 (96%) 5(7.5%) <0.001
Increased/normal flow 1 (4%) 61 (92.5%) :

Only significant variable values are bolded. *Age is missing for one patient in this category. SD — standard deviation
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Table 2 — The duration of symptoms was significantly associated

with the treatment options (p=0.008, Fisher’s exact test). Similar results
(77.5% vs. 37.5%) were obtained when the variable duration of symptoms
was dichotomized by the median value (12 hours) (p=0.038, Fisher’s
exact test)

Patients with testicular torsion Treatment
_ Total
(n=24) orchidectomy orchidopexy
. <42 hours* 4 (25.0%) 12 (75.0%) 16 (100%)
Duration of symptoms 1>\ ours 7 (87.5%) 1(12.5%) 8 (100%)
Total 11 (46.0%) 13 (54.0%) 24 (100%)

*the mean value dichotomized the variable

pain (without recorded accurate localization of tenderness and its intensity) was
statistically more present in TAT patients (p=0.02). In contrast, nausea/vomiting
and abdominal pain occurred more frequently among the TT patients (p=0.003
and p<0.001, respectively). Notably, fever and abdominal pain did not affect TAT
patients (Table 1).

The mean duration of symptoms for the entire cohort was 63.3 hours (range
30 minutes to 480 hours) with a median of 48 hours. The mean duration of
symptoms was significantly shorter in the TT group (42 hours, range, 1-336 hours
with a median of 12 hours) than in the TAT group (71 hours, range, 1-480 hours
with a median of 48 hours) (p<0.001).

Among twenty-four patients with TT, 11 cases (46%) had undergone
orchidectomy, and 13 cases (54%) had orchidopexy (Table 2). The duration
of symptoms significantly impacted the treatment outcome (orchidectomy vs.
orchidopexy, p=0.008) (Table 2).

There was no significant difference in the seasons of onset between TT patients
and those with TAT (p=0.31). The lowest TT cases (21%) were recorded during
the winter, whereas the largest TAT cases (28.7%) were recorded during the same
season.

Most cases (91.7% of TT and 83.3% of TAT cases) had spontaneous torsion,
whereas the remaining 8.3% of TT cases and 16.3% of TT cases were trauma-
related. However, the difference was not statistically significant (p=0.50).

Ultrasonographically, the two diseases presented strikingly different. Thus, twenty-
three patients with TT (96%) and only five patients with TAT (7.5%) showed absent
or decreased testicular blood flow in the affected testes, whereas 61 (92.5%)
patients with TAT and only 1 (4%) patient with TT showed increased or normal
testicular blood flow in the affected testes (Table 1). CDUS findings of absent or
decreased testicular blood flow in the affected testes significantly correlated with
TT’s presence (p<0.001). In contrast, CDUS findings of increased or normal blood
flow significantly correlated with the presence of TAT (p<0.001).
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Discussion

It is well documented that TAT is the most common cause of AS in children who
underwent scrotal exploration (Murphy et al., 2006). Emergency scrotal exploration
is the standard management means, as no other investigation can confidently exclude
TT from the differential diagnosis of AS (Cavusoglu et al., 2005). Our results for the
occurrence of TT and TAT are in line with the previous studies (Van Glabeke et al.,
1999; McAndrew et al., 2002; Mushtaq et al., 2003; Cavusoglu et al., 2005; Murphy
et al., 2006; Yang et al., 2011). Of pediatric patients with AS who underwent
emergency surgery, TT is the cause of 17-72% of cases (Van Glabeke et al., 1999;
Mushtaq et al., 2003; Cavusoglu et al., 2005; Yang et al., 2011). In our study, TT
occurred in ~27% of cases, whereas TAT affected 73% of the AS patients. Like
other studies (Ciftci et al., 2004), the patients with TT were the eldest, and their
presentation was the earliest compared with the TAT patients.

Consistent with previous studies, our findings of 24 TT patients indicate that this
condition occurs more frequently on the left side (Marulaiah et al., 2010; Mukendi
et al., 2020). This could be anatomically related to the greater length of the left
spermatic cord, which is more prone to twisting (Williamson, 1976). Data in the
literature on the association between age and laterality of TT are scarce. Our finding
that right-sided TT increases in adolescent patients is consistent with the study
conducted by Mukendi et al. (2020). Further studies on a larger sample are necessary
to determine the clinical significance of this association.

A history of nausea/vomiting and abdominal pain, as markers of a systemic
response to an ischemic event in the body secondary to celiac ganglion stimulation,
strongly suggest TT. However, they are absent in more than two-thirds of patients.
Similar results have been reported in other studies (Hegarty et al., 2001; Srinivasan
et al., 2011). Furthermore, a series of children with TT who presented with
abdominal pain without testicular pain were also reported (Pogorelic et al., 2019;
Wang and Mo, 2019).

The presence of only abdominal pain or other nonspecific symptoms (nausea,
vomiting or urinary symptoms) may delay the diagnosis and treatment with an
increased incidence of testicular loss. In our study, only 2/24 (8.3%) of patients with
TT had nonspecific symptoms without testicular pain, which is in line with previous
studies by Pogorelic et al. (2019) and Wang and Mo (2019). Both patients from our
cohort were misdiagnosed as having abdominal diseases. Later surgical exploration
revealed that both testicles had necrotized because of the ischemia time, and
consequently, an orchidectomy was performed.

We believe that the higher frequency of scrotal pain in patients with TAT could be
explained by the lack of registration of the exact localization of pain and the initial
presentation of a larger number of patients with advanced local scrotal findings.

Our previous study showed that the duration of symptoms is the most crucial
predictor of testicular salvage following TT in children (Zvizdic et al., 2021). In
the present study, the duration of symptoms was significantly different between
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the two groups. Like another study (Fuijita et al., 2017), our patients with TT had
a significantly shorter time to presentation than patients with TAT. This could be
explained by the more extensive symptoms caused by TT compared with TAT
symptoms, leading to an earlier visit to the doctor.

In our cohort, we found that the laterality of TT to the right side increases in
adolescence. We noted that more than half of adolescent boys aged 212 presented
with right-sided TT. Documented data in the literature on the association between
age and laterality of TT are very scarce. The relationship between age and laterality
of TT was investigated in only one study conducted in South Africa, which included
308 patients from 10 years old and above (Mukendi et al., 2020). They found that
boys aged 216 years are 1.5 times more likely to present with right-sided TT than
those <16 years of age, though the difference was not significant (Mukendi et al.,
2020). Further studies are needed to elucidate this possible association between
older adolescent age and right-sided TT.

The seasonal influence on TT or TAT is contradictory in the current literature.
While some studies have found a link between cold weather and TT and TAT
(Lyronis et al., 2009; Molokwu et al., 2020), other studies failed to provide this
evidence (Cost et al., 2011). Our study has not found a positive association between
cold weather and TT.

Although most TT and TAT cases develop spontaneously, the causes of TT and
TT may be trauma-related (sports or physical activity) in ~5% of cases (Ringdahl and
Teague, 2006). History of trauma was present in 8.3% of TT cases and 16.7% of
TAT cases. Our study did not reveal a significant difference in the history of trauma
between the examined groups.

CDUS has substantially improved patients’ clinical assessment with AS, determining
TT’s presence and the extent and reducing the unnecessary exploration rate (Lam
et al., 2005; Sung et al., 2012). On sonography, the torsed testis may be enlarged
and appear hypoechoic, but sometimes it can appear normal, particularly in the
first few hours (Sung et al., 2012). In the evaluation of AS, CDUS has a sensitivity
of ~64-100% and a specificity of 97-100%, showing reduced or absent blood flow
to the testis as a highly specific finding in most TT patients (Chmelnik et al., 2010).
However, false-negative and false-positive Doppler evaluations in the diagnosis of TT
have been reported in the literature. Our study’s data further support the excellent
clinical utility of CDUS in differentiating between TT and TAT.

Due to the common practice at our institution that scrotal exploration is
considered the procedure of choice for acute scrotum, a reasonably large number of
scrotal explorations of the acute scrotum during the study period were operatively
diagnosed as torsion of testicular appendages. Some other studies have supported
this approach. According to Murphy et al. (2006), prompt surgical intervention
in all patients with AS can minimize testicular loss. Surgical treatment of twisted
appendages is safe, allowing accurate diagnosis and pain relief with minimal
morbidity (Tanaka et al., 2020). However, as a positive consequence of the results

Zvizdic Z.; Aganovic A.; Milisic E.; Jonuzi A.; Zvizdic D.; Vranic S.



Prague Medical Report / Vol. 124 (2023) No. 3, p. 255-264 263)

of this study, we believe that this dogmatic attitude will be replaced with a more
conservative approach to patients with TAT in our local setting.

There are several limitations to our study. First, it is a retrospective observational
study; second, it comprises a smaller number of patients with TT; and third, the
study was conducted in a single institution, limiting its generalizability. The present
study also lacks some essential clinical data, such as a lack of precise localization of
scrotal pain.

In conclusion, distinguishing TT from other acute scrotal pathology, including TAT,
is crucial for timely surgical intervention and preservation of testes affected by AS.
Older age, nausea/vomiting, abdominal pain, shorter duration of symptoms, and
CDUS findings of absent or decreased testicular blood flow in the affected testis can
distinguish between TT and TAT.

This article was previously accepted by another journal. After that, the authors withdrew
it because of unacceptable post-editing of the manuscript by its editorial office.
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Abstract: Optimal rehabilitation of asymmetric dentofacial deformity secondary to
unilateral temporomandibular joint (TM]) ankylosis is often a challenge. The purpose
of this case series is to present an insight into esthetic, occlusal and functional
rehabilitation of two patients with varying degree of asymmetric Class Il dentofacial
deformities secondary to long-standing unilateral TM] ankylosis. The patients were
treated with one-stage surgical protocol employing simultaneous dual distraction
technique along with interpositional arthroplasty. Dual distraction technique entailed
the simultaneous use of two distractors which allowed for proper control of
proximal condylar segment during the course of distraction and lowering the risk of
ankylosis recurrence. Thereafter, comprehensive fixed orthodontic mechanotherapy
involving the use of temporary anchorage devices was instituted to align and level
the compensated dentition. Post-treatment records showed significant improvements
in skeletal disharmony and functional stability with good functional occlusion. At

the three-year follow-up, the morphological and functionally acceptable results
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were reasonably well-maintained, with no signs of relapse. Through the two cases
reported here, we would like to highlight that one-stage concurrent arthroplasty
and dual distraction technique is a safe, stable, and reliable approach for surgical

and functional rehabilitation of an adult asymmetric dentofacial deformity secondary
to unilateral TMJ ankylosis. Meticulously executed comprehensive orthodontic
manipulations involving use of acrylic bite-blocks, elastic traction, and temporary
skeletal anchorage device play a crucial role in enhancing the final occlusal outcomes.

Introduction

In spite being one of the most prevalent and disfiguring craniofacial anomaly,
asymmetric dentofacial deformity due to unilateral temporomandibular joint

(TMJ) ankylosis often presents a complex therapeutic challenge (Zhu et al., 2013).
Increased severity of muscular atrophy with laterognathism and retrognathism due
to prolonged duration of associated hypomobility further compounds the challenging
treatment process (Motta et al., 2007). Additionally, it becomes challenging to
correct facial asymmetry among these patients by maintaining balance of optimum
craniofacial health and cost-economic aspects to achieve satisfactory treatment goals
(Zhu et al., 2013; De Roo et al., 2016).

Numerous treatment techniques, such as ramus osteotomy, high condylectomy,
coronoidectomy, gap arthroplasty, interpositional gap arthroplasty, reconstruction of
the joint using autogenous grafts, alloplastic materials or vascularised flaps, distraction
osteogenesis, early mobilization, and aggressive physiotherapy, have been widely
employed for the management of TM]J ankylosis and associated asymmetric skeletal
deformities (De Roo et al., 2016).

One-stage surgery involving simultaneous gap arthroplasty and distraction
osteogenesis has proven to be a viable option in the treatment of TM] ankylosis
and coexisting severe micrognathia in aptly selected cases (Dean and Alamillos,
1999; Yu et al., 2009; Giraddi et al., 2016; Sharma et al., 2016). Even so, an issue of
concern to the surgeon is the potential for encroachment on the gap (arthroplasty)
by the proximal segment (Srivastava et al., 2019). Moreover, the management of
malocclusion after distraction osteogenesis is also fraught with challenges and is often
not documented to a satisfactory degree in the literature.

The purpose of this case series is to present an insight into esthetic, occlusal and
functional rehabilitation of two patients with varying degree of asymmetric Class ||
dentofacial deformities secondary to long-standing unilateral TM] ankylosis. The
patients were treated with one-stage surgical protocol employing simultaneous dual
distraction technique along with interpositional arthroplasty. The long-term followed-
up occlusal outcomes are detailed in which postdistraction orthodontic treatment
following single-step simultaneous dual distraction and interpositional arthroplasty
helped align and level the compensated dentition. Furthermore, the merits of dual
distraction technique and factors governing stability of treatment results are also
discussed.
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Case report

Case 1

A 21-year-old adult male presented seeking treatment for facial asymmetry and
chewing difficulties with reduced mouth-opening (Figure 1). He had a history of facial
trauma due to fall at the age of 5 years.

On extraoral examination, the patient exhibited facial asymmetry involving the
lower third of the face, with lateral deviation of the mandibular symphysis towards
the left, a severely retrognathic mandible and limited interincisal opening of 10 mm.

Intraorally, an asymmetric sagittal occlusal relationship was observed: Class | molar
and canine relations on the right side and Class Il occlusion on the left side. Overjet

Figure 1 — Pretreatment photographs
and computed tomography images.

Rehabilitation of Asymmetric Ankylotic Deformity
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and overbite were 3 mm and 4 mm, respectively. Mild crowding was noted in lower
arch. The occlusal plane canted slightly superior on the left side and the mandibular
dentoalveolar midline was deviated toward the left by 4.5 mm in relation to upper
dentoalveolar midline. Pretreatment non contrast computed tomographic (NCCT)
images revealed a bony ankylotic mass on the medial aspect of left TMJ, and a
deformed condylar head, glenoid fossa and zygomatic arch on the right side

(Figure 1).

The patient was diagnosed with an asymmetric Class |l dentofacial deformity (with
mandibular laterognathism and retrognathism) caused by unilateral TMJ ankylosis.

The treatment goals were to improve the diminished mouth opening by mobilizing
the TMJ on the left side, improve the asymmetric facial appearance and mandibular
position, and establish a normal intermaxillary relationship with a Class | molar
occlusion.

Considering the history of ankylosis and long-standing severity of preoperative
mouth opening limitation and low self-esteem caused by associated mandibular
deformity, simultaneous execution of gap arthroplasty and dual distraction
osteogenesis were contemplated to obtain adequate mouth-opening range (35 mm)
and restoration of facial symmetry with stable jaw form and function. Thereafter,
postdistraction orthodontic treatment was planned for levelling and aligning the
dentition over the respective alveolar bases, guiding the selective eruption of teeth,
correction of cross-bite and transverse inter-occlusal disharmony.

Treatment progress

The active treatment comprised of surgical phase involving simultaneous
interpositional arthroplasty and dual distraction in phase 1 of treatment,
accompanied by fixed orthodontic mechanotherapy in phase 2.

Initially, in a one-stage operation under general anaesthesia, interpositional
arthroplasty with temporalis myofascial flap was performed to release left TM)
ankylosis (Figure 2). Concomitantly, in accordance with the protocol of Srivastava et
al. (2019), two custom-fabricated extraoral monofocal/univector distractors were
affixed at two different predetermined locations on the left side. Distractor A, with
its vector oriented parallel to posterior border of the ramus, was used to maintain
the gap created after removal of the ankylotic segment and, if indicated, also to
increase the gap following activation. Another distractor B, positioned obliquely,
was utilized to increase the ramus and body’s vertical and the horizontal dimensions
of the ramus and body, respectively, thus facilitating correction of the mandibular
asymmetry (Figure 3). Following the completion of distractor B’s distraction phase,
distractor A was removed, and active physical therapy was initiated. During the
consolidation phase, occlusal acrylic splints and elastics were used as internal fixators
to counteract the vertical downward pull by supra-omohyoid group of muscles,
mould the callus and obtain occlusal guidance. Following the radiographic appearance
of the cortical outline on the callus during consolidation, distractor B was removed.
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Figure 2 — Intraoperative photograph showing increased mouth opening achieved after arthroplasty.

= 3

POistractor A

ll Distractor B

Figure 3 — Interdistraction photographs showing dual distraction and radiographs taken during consolidation phase

dfter distraction.

A total of 12 mm of distraction was performed at a rate of 0.5 mm twice a
day, followed by a 12-week consolidation phase. Post-distraction, mandibular
symmetry was restored along with discernible reduction in facial convexity. Desired
overcorrection of the mandibular midline was achieved with the appearance of
Class Il incisal relationship and reverse overjet of 2 mm (Figure 4).

At 3 months postdistraction, mandibular right central incisor was extracted and
full fixed 0.022%0.028-inch preadjusted Edgewise appliances were placed in both
arches in phase 2 of treatment. Alignment and levelling were performed with
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Figure 4 — Postdistraction extraoral and intraoral photographs demonstrating improved facial symmetry and
appearance of incisal Class Ill relationship, posterior open bite on the left and crossbite on the right side.

Figure 5 — Treatment progress photographs demonstrating levelling, aligning and miniscrew supported retraction
of mandibular incisors during postdistraction orthodontic phase.
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0.016-inch nickel-titanium (NiTi) and 0.017%0.025-inch superelastic NiTi wires.

The lower incisors were retracted on a 0.019x0.025-in continuous stainless-steel
(SS) wire using direct anchorage from temporary anchorage devices (TADs) i.e.,
mini-implants (6.0 mm long, 1.6 mm in diameter; Absoanchor — Dentos, Deaugu,
South Korea) inserted bilaterally into the interradicular attached gingiva between the
mandibular second premolars and the first molars. 0.014-inch SS wires were used
during detailing and settling phases (Figure 5). The overall treatment time including

Figure 6 — Posttreatment
photographs and radiographs
showing corrected asymmetric
Class Il deformity with restored
smile symmetry and Class |
functional occlusion.
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Figure 7 — Three-year follow-up extraoral and intraoral photographs depicting well-maintained stable results.

distraction osteogenesis (DO) was 20 months. After debonding, circumferential
Hawley-type retainers were delivered for full-time wear for one year.

Treatment results

Post-treatment records showed significant improvements in facial aesthetics and
profile, elimination of facial asymmetry, along with establishment of normal overijet,
overbite and Class | canine-guided functional occlusion (Figure 6). The maxillary
dentoalveolar midline coincided with the middle of the mandibular central incisor,
without any aesthetic compromise. Panoramic radiograph demonstrated satisfactory
root parallelism and no evidence of apical root resorption. After three years, the
occlusion remained stable with well-maintained harmonious facial balance (Figure 7).

Case 2

The patient was a 24-year-old female with chief complaints of asymmetrical
appearance, backwardly positioned chin and limited mouth opening. She exhibited
inferiority complex with very low self-esteem. Her medical records revealed history
of trauma to the mandible in childhood. Extraoral clinical examination revealed
severe facial asymmetry with mandibular laterognathism to the left side and marked
deficiency in the lower third of the face with severe mandibular retrognathism. The
chin projection was inadequate, mimicking a bird face deformity. Facial atrophy was
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observed on the right side of the chin. The maximum mouth opening was 11 mm
due to the bony ankylosis of left TMJ. Intraorally, she exhibited a Class | malocclusion
on the right and Class Il on the left. Mandibular dentoalveolar midline deviation of

5 mm to the left side was observed (Figure 8).

Figure 8 — Pretreatment extraoral and intraoral photographs showing severe facial asymmetry with bird face
deformity, limited mouth opening and malocclusion.

Figure 9 — Pretreatment radiographs and computed tomography images. Figure 9C (top row, third figure) is
reprinted from Journal of Oral and Maxillofacial Surgery, 77/12, Dhirendra Srivastava, Payal Luthra, Sonal
Mishra, Lokesh Chandra, Sarang Sharma, Harpreet Singh, Technique of Dual Distraction for Correction of
Unilateral Temporomandibular Joint Ankylosis with Facial Asymmetry: A Case Series, 2555.e1-2555.e12.
Copyright (2019), with permission from Elsevier.
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Lateral cephalogram exhibited an obvious skeletal Class Il relationship with
severe mandibular retrusion. Dental compensations were observed in maxillary
and mandibular dentitions. Postero-anterior cephalogram showed significant facial
asymmetry with deviation of the chin point to the left side by 7 mm relative to the
facial midline. The disparity in ramus sizes between the left and right sides, as well
as impacted maxillary and mandibular left third molars, were evident on panoramic
radiograph. NCCT of TM| revealed deformed, flattened and mediolaterally widened
left condylar process with irregular articular surface and reduced joint space,
indicative of bony ankylosis of left TMJ (Figure 9).

Treatment objectives were to restore the joint function, correct the asymmetric
retrognathic mandibular and chin deformity caused by left TMJ ankylosis, enhance her
facial appearance and profile, and establish acceptable facial harmony. Orthodontic
objectives included stabilization of post-surgical outcomes, harmonization of upper
and lower arch forms, establishment of normal overjet, overbite and a stable
functional occlusion.

Figure 10 — Photographs showing improved mouth opening following arthroplasty, corrected mandibular
asymmetry and radiographs during consolidation phase. Figure 10C (top row, third figure) is reprinted from
Journal of Oral and Maxillofacial Surgery, 77/12, Dhirendra Srivastava, Payal Luthra, Sonal Mishra, Lokesh
Chandra, Sarang Sharma, Harpreet Singh, Technique of Dual Distraction for Correction of Unilateral
Temporomandibular Joint Ankylosis with Facial Asymmetry: A Case Series, 2555.e1-2555.e12. Copyright (2019),
with permission from Elsevier.
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Figure 11 — Postdistraction extraoral and intraoral photographs demonstrating improved facial symmetry, profile
esthetics and appearance of Class lll incisal relationship, left posterior open bite and right posterior cross

bite. Figure 11B, D, E, F (top row middle figure; middle row all figures) is reprinted from Journal of Oral and
Maxillofacial Surgery, 77/12, Dhirendra Srivastava, Payal Luthra, Sonal Mishra, Lokesh Chandra, Sarang Sharma,
Harpreet Singh, Technique of Dual Distraction for Correction of Unilateral Temporomandibular Joint Ankylosis
with Facial Asymmetry: A Case Series, 2555.e1-2555.e12. Copyright (2019), with permission from Elsevier.

Figure 12 — Treatment progress photographs showing aligning of arches, and utilization of acrylic bite-block,
elastic traction, and a temporary skeletal anchorage device for levelling of the cant of maxillary occlusal plane.
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Treatment progress
At the outset, interpositional arthroplasty for release of TM] ankylosis and
establishment of adequate mouth-opening range, along with dual distraction for
correction of asymmetric Class Il deformity were performed simultaneously as
single-step surgical procedures.

After achieving the desired ramal and mandibular lengthening, the distraction
devices were maintained for 5 months until cortical outline was visible in

Figure 13 — Posttreatment
extraoral and intraoral
photographs showing

corrected retrognathic and
asymmetric mandibular
deformity with restored occlusal
plane symmetry and well-
intercuspated occlusion.
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radiographs. A total of 13 mm of distraction was performed at a rate of 0.5 mm
twice a day, accompanied by consolidation period of 16 weeks. Post-distraction, the
mandibular retrusion considerably reduced and significant improvements in facial
appearance were achieved (Figure 10).

However, intraorally, transient malocclusion developed with reverse overjet
of 4 mm, posterior open bite on the elongated side and a crossbite on the
contralateral side (Figure 11). Post-distraction orthodontic treatment was instituted
following extractions of mandibular right and left first premolars and placement of
0.22%0.28-inch fixed appliances. Dental impressions were taken, and a lingual-arch
supported acrylic bite-block covering the incisal edges of mandibular anterior teeth
was cemented in the lower arch. To facilitate quick en-masse posterior levelling of
the maxillary occlusal plane, sectional wires were hinged between the left canine
and first molar, and vertical traction using elastics was applied by a mandibular
miniscrew to maxillary left buccal segment. Following correction of the cant of
maxillary occlusal plane, maxillary arch was stabilized using continuous 0.019x0.025-
inch SS wire; and retraction of mandibular incisors progressed using continuous
0.019%0.025-inch SS wires (Figure 12).

After the removal of appliances, conventional maxillary Hawley retainer and a
bonded 4-to-4 mandibular lingual retainer along with circumferential mandibular

Figure 14 — Three-year follow-up extraoral and intraoral photographs demonstrating stability of achieved results.
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Hawley retainer were used for full-time retention for 6 months and then at night
only for another 6 months.

Treatment results

Following 19 months of active treatment (including dual distraction), significantly
improved facial symmetry and stable skeletal position with a well-settled symmetric
functional occlusion was established (Figure 13). The upper dental midline coincided
with the middle of the mandibular left central incisor, which did not cause any
esthetic compromise to the patient. Three-year posttreatment records confirmed
the stability of frontal and profile esthetics along with a tight functional occlusion
(Figure 14).

Discussion

Facial asymmetry negatively impacts a patient’s orofacial, psychosocial, and
nutritional development by bringing forth inadequacies of a morphologic, aesthetic
and stomatognathic nature. A tailor-made approach with treatment objectives
determined by the patients’ concerns and clinical diagnosis including malocclusion,
dental compensations and concomitant sagittal and/or vertical jaw imbalance is
therefore deemed most essential (Cheong and Lo, 2011).

For adults with severe asymmetric hypoplastic mandibular deformities, DO
has proven to be a safe versatile technique with predictable and stable treatment
results when compared to traditional bilateral sagittal split osteotomies (Al-Moraissi
and Ellis, 2015). Additionally, gradual adaptation of the soft-tissue components
to changes in mandibular length throughout the course of the distraction and
consolidation periods represent the beneficial effects of the distraction forces
on the surrounding soft tissues (distraction histiogenesis) (Schreuder et al.,

2007).

Dual distraction technique involving the placement of two distractors obviates the
requirement for a second surgical procedure. The distractor A can be activated to
increase the gap created by arthroplasty if it is deemed less than satisfactory. Patients
with short ramus height, wherein increasing the gap by further bone removal could
risk perforation into the middle cranial fossa (superiorly) or predispose injury to the
inferior alveolar neurovascular bundle (inferiorly), may specially benefit from dual
distraction approach (Srivastava et al., 2019).

Two distractors arguably allow for proper segment control by avoiding the
upward and medial movement of the proximal bony segment as well as lowering
the potential for impingement of the gap that was created by the arthroplasty,
thus lowering the risk of recurrence of ankylosis (Srivastava et al., 2019). Oblique
positioning of distractor B with angular osteotomy permits simultaneous elongation
of both the mandibular ramus and corpus, thus enabling correction of mandibular
asymmetry, eliminating the need of second surgery, and giving it an advantage over
differential vertical and horizontal distraction.
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Moulding of the generate at the end of the active period of distraction by
intermaxillary elastic traction involving the use of acrylic bite-blocks and Erich arch
bar helped counteract the vertical downward pull of supra-omohyoid group of
muscles, close the anterior open bite and prevent inadvertent excessive increase in
the mandibular plane angle. After distraction consolidation, intensive orthodontic
treatment in both patients necessitated/entailed alignment and levelling of the
compensated dentition over alveolar bone, establishment of symmetry within
occlusal relationships between the maxillary and mandibular arches, correction
of transverse maxillomandibular disharmony and controlled vertical closure of
the unilateral posterior open bite (Hanson and Melugin, 1999). While performing
dental decompensations, mandibular incisors were retracted taking into account the
symphysis and alveolar housing’s anatomical boundaries.

It has been observed that apart from mandibular deviation, the abnormal
mandibular growth associated with TMJ ankylosis usually results in restricted
downward maxillary growth on the affected side (Trahar et al., 2003). The resultant
effect is canting of occlusal plane and decreased facial height on the affected side.
Usually, additional surgery such as LeFort | osteotomy combined with bone grafts is
necessitated to correct the maxillary occlusal cant and restore the normal vertical
maxillary height on the affected side (Obwegeser, 1988; Molina, 1999). However,
in Case 2, quick en-masse correction of the canted maxillary occlusal plane was
achieved by camouflage orthodontic treatment involving the use of acrylic splint,
elastic traction and miniscrew anchorage devices. Interocclusal gap created on the
left side was used for selective extrusion of the maxillary left posterior dentition and
alveolar process.

From a biological and biomechanical perspective, miniscrews have gained
popularity for management of wide spectrum of discrepancies because forces can
be applied directly from the bone-borne anchor unit. By offering the advantages
of maintaining the integrity of the mandibular occlusal plane, reducing anchorage
burden, preserving stability and optimizing time duration (Amm, 2012), utilization
of TADs also provides biological, therapeutic and psychological advantages, as
discernible in our case. Additionally, the complexity and potential risks associated
with LeFort 1 osteotomy such as intraoperative and postoperative complications
in terms of hemorrhage, pain, swelling, nerve injury, and infection were altogether
obviated (Sousa and Turrini, 2012).

To further improve the lower one-third facial esthetics in Case 2, sliding
genioplasty for centring of chin accompanied by volume augmentation on right side
of face using medpore alloplastic reconstruction/fat graft, if required thereafter,
was proposed as a secondary procedure. However, the patient refused to undergo
another surgical intervention.

Postoperatively, the recovery period was uneventful in both patients with no
detection of any relapse and neurosensory deficit. A major concerning factor
commonly associated with the usage of extraoral distractor is the possibility of skin
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scarring. In these circumstances, placement of the pins within the submandibular
fold with minimum soft tissue strain and by squeezing the cheek skin between the
thumb and index finger before inserting the second pin (to allow for stretching)
helps reduce the length of the traction scar. Minor point-like external skin scarring
following secondary healing did not result in esthetic compromise in present
cases.

One-stage treatment, often requiring intermaxillary fixation limits the use of
intensive mouth opening exercises, thereby increasing the risk of relapse (Zhu et
al., 2013). Although the process of dual distraction involving concurrent fixation
of gap arthroplasty avoids the need for intermaxillary fixation, early and aggressive
postoperative mouth opening exercises cannot be performed owing to physical
interference with the distraction process (with likelihood of disruption of callus).
However, passive mouth opening exercises and regular physiological masticatory
function are sufficient to preserve the achieved mouth opening during the distraction
period, as observed in both patients. Following completion of consolidation period,
aggressive physiotherapy exercises were employed to maintain functional integrity
and prevent recurrence. In accordance with the patient-centred outcome, one-
stage treatment protocol facilitating simultaneous correction of ankylosis, and facial
deformities helped obviate the need for a second major surgery and provide more
immediate resolution of the patients’ chief complaints, thus uplifting their self-
esteem. At 3-year follow-up review, both patients maintained satisfactory mouth
opening, function, and esthetic appearance.

Stability considerations

A systematic review of the stability and the effects of mandibular DO on hard

and soft tissues found variables such as high gonial angle and Jarabak ratio to

be correlated with an increased tendency for significant skeletal relapse, but
without significantly worsening the overall treatment results (Rossini et al., 2016).
Considerable reduction in overjet at long-term follow-up has also been reported to
support the long-term effectiveness of DO (Rossini et al., 2016), as was discernible
in present cases.

Factors governing the stability of the surgical results included: effective surgical
release of ankylosis, establishment of adequate mouth-opening range, improved
control of the distraction vectors by employing two extraoral distractors and
adequate consolidation phase. Above all, early institution of passive mouth opening
and closing exercises during the distraction phase of distractor B, accompanied
by active isometric and isotonic physiotherapeutic regimen (following removal of
distractor A and completion of the distraction phase of distractor B) intensively for
up to 2 years along with close follow-ups, also played a crucial role in achieving stable
successful outcomes in terms of restoring physiological TM] function and preventing
recurrence of ankylosis. Occlusal acrylic splints and stable muscular forces also aid
in preventing relapse and ensuring stability in peri-distraction phase (Chugh et al.,
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2021). Postdistraction orthodontic manipulations involving elimination of occlusal
compensations, adequate levelling and alignment of dental arches, restoration of
proper overjet and occlusion, correction of transverse discrepancy by proper arch
coordination, appropriate first and third order control and extended period of rigid
retention protocol, combined altogether, contributed to long term stability of the
occlusal results.

Conclusion

Correction of asymmetric dentofacial deformities present a complex therapeutic
scenario to plan and accomplish. The optimal skeletal and functional enhancements
along with harmonious esthetic outcomes demonstrate that one-stage concurrent
arthroplasty and dual distraction osteogenesis is a safe, stable, and reliable approach
for surgical rehabilitation of an adult asymmetric dentofacial deformity secondary
to unilateral TM] ankylosis. Comprehensive fixed orthodontic mechanotherapy
which includes the use of acrylic bite-blocks, elastic traction, and temporary skeletal
anchorage device is critical in the management of specific malocclusion caused by
distraction osteogenesis. More research is warranted to determine the treatment’s
long-term efficacy and underlying remodelling processes.
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Abstract: Acute eosinophilic pneumonia (AEP) is a rare cause of respiratory
failure. It is primarily a disease of smokers, either a new smoker or an existing one
with a recent increase in cigarette consumption. Other risk factors include toxic
gas exposure, inhalational illicit drugs, and smoking marijuana. AEP has also been
reported in patients with e-cigarette or vaping associated lung injury (EVALI). We
present the case of a 20-year-old male who presented to the hospital with acute
respiratory failure. The patient has been vaping heavily for the past three months
and started smoking three days before presenting to the emergency department.
He was hypertensive, tachycardic, tachypneic, and required high-flow nasal cannula
to maintain SpO, > 92%. His condition deteriorated in the first 24 hours following
hospitalization requiring noninvasive positive pressure ventilation. Bronchoalveolar
lavage revealed an eosinophil count of 36%. Bronchoalveolar lavage (BAL) cytology
revealed lipid-laden macrophages. He was diagnosed with AEP due to EVALI, and
the patient was treated with high dose corticosteroid with subsequent improvement.
Before the bronchoscopic evaluation, the clinical and radiologic findings were
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consistent with COVID-19, and the patient was tested twice for SARS-CoV-2
PCR. In the appropriate clinical setting, AEP should be considered in the differential
diagnoses of community-acquired pneumonia, acute respiratory distress syndrome
(ARDS), and COVID-19, especially in this pandemic era.

Introduction

Acute eosinophilic pneumonia (AEP) is a rare and possibly under-diagnosed etiology
of acute respiratory failure that can resemble community-acquired pneumonia, acute
respiratory distress syndrome (ARDS), and coronavirus disease 2019 (COVID-19).
AEP is characterized by an acute onset of febrile illness with hypoxemic respiratory
failure, radiologic chest infiltrate, and >25% eosinophil on bronchoalveolar lavage
(BAL) in the absence of any known etiologies of pulmonary eosinophilia (Philit

et al., 2002). Although often referred to as idiopathic AEP, several major risk factors
are frequently present in patients with AEP. AEP is primarily a disease of smokers,
either a new smoker (sometimes after quitting for a period and then resuming) or
an existing one with a recent increase in cigarette consumption (De Giacomi et al.,
2018). However, AEP has also been reported in patients with exposure to toxic gas
(Hirai et al., 2000; Philit et al., 2002), inhaled recreational drugs (McCormick and
Nelson, 2007), marijuana (Liebling and Siu, 2013), aroma therapy with essential oil
(Kodama et al., 2022), and even in patients with COVID-19 (Murao et al., 2020).
Immediately before the COVID-19 pandemic, there was an epidemic of electronic
cigarette or vaping associated lung injury (EVALI) in young adults across the United
States (Werner et al., 2020). AEP in the setting of EVALI has been reported in a
small number of these patients (Arter et al., 2019; Wolf and Richards, 2020). We
present the case of a young man with AEP in the setting of combined e-cigarette use
and smoking that mimicked COVID-19.

Case report

A 20-year-old young male presented to the hospital with low-grade fever, cough,
yellow sputum, wheezing, and dyspnea for three days. He reported generalized
fatigue, poor appetite, weight loss, malaise, night sweats, and chills. The patient
was initially dyspneic with exertion, which progressed rapidly to resting dyspnea,
prompting the emergency department (ED) visit. He had a past medical history of
hypertension that was diagnosed at the age of 15. A workup for secondary causes
of hypertension was negative. His regular home medication included lisinopril,
which he has not been taking for two months. The patient recently lost his father
and started using nicotine containing vaping products over the past three months.
Due to a higher stress level, the patient started vaping heavily in the past week

or so. Additionally, he started smoking combustible cigarettes three days before
his symptom onset. He had no known respiratory disease or family history of
respiratory illness. He denied any drug use, recent travel, sick contacts, personal
history of tuberculosis, or exposure to a patient with tuberculosis. He had no
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Figure 1 — Chest X-ray showing
diffuse bilateral infiltrate.

The opacities are both alveolar
and interstitial.

AP-PORT-UPRIGHT

pets at home and gave no history of hot tub use or use of feathered pillows. The
patient lived in Histoplasma endemic rural United States. He was vaccinated against
COVID-19 with two doses of mRNA vaccines.

In the ED, his vital signs were as follows: blood pressure 153/85 mm Hg, pulse
128 beats per minute, temperature 36.8 °C, respiratory rate 28 breaths per minute,
and SpO, 78% on room air, requiring high flow nasal cannula to achieve SpO, > 92%.
Physical examination revealed a young man in moderate distress. Chest auscultation
was significant for crackles at bilateral lung bases without wheezing or rhonchi. There
was no rash, clubbing, peripheral edema, or hepatosplenomegaly. The laboratory
workup showed leukocytosis of 22,000/ pl. The admission peripheral blood absolute
eosinophil level was 484 cells/pl (2.2%). There were no electrolyte abnormalities
or organ dysfunction. Serum procalcitonin level was normal. The C-reactive protein
(CRP) level was elevated at 158.4 mg/| (normal < 10 mg/1).

Figure 2 — Coronal section of the computed tomography of the chest showed ill-defined centrilobular nodularity
primarily on the left side and areas of ground glass opacity and consolidation on the right (A). Axial section
showing small volume bilateral pleural effusion (B). Axial view demonstrated interlobular septal thickening with
ground glass opacity of the secondary pulmonary nodule consistent with “crazy paving pattern”.

EVALI Associated Acute Eosinophilic Pneumonia
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A chest X-ray showed diffuse bilateral alveolar opacity involving all lung zones
(Figure 1). A computed tomographic angiogram (CTA) of the chest demonstrated
bilateral areas of ground glass opacity, consolidation, and “crazy paving pattern” in
the right lower lobe (Figure 2). There was also small bilateral pleural effusion but no
pulmonary embolism. A bedside echocardiogram showed normal ejection fraction,
no valvular abnormalities, and mitral valve E/septal E’ ratio of 6, inconsistent with
elevated cardiac filling pressures. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) PCR from the nasopharyngeal (NP) swab was negative. The

patient was diagnosed with multilobar pneumonia and started on broad-spectrum
antibiotics. Although the SARS-CoV-2 PCR was negative, the chest imaging was
concerning for COVID-19, and the patient was started on empiric remdesivir and
dexamethasone. As there was also the suspicion of EVALI, the corticosteroid was
thought to be the appropriate intervention. The patient was tested a second time
for SARS-CoV-2 PCR from another NP specimen, and the study was negative. Due
to increasing oxygen requirements, he was admitted to the intensive care unit. His
respiratory status worsened over the next 24 hours requiring non-invasive positive
pressure ventilation.

A bronchoscopic evaluation showed diffuse airway inflammation and erythema
without any active bleeding or mucus impaction. BAL was performed from the
medial segment of the right middle lobe. Two 60cc aliquots of saline were instilled
and the total fluid return was 45 ml. The fluid was cloudy without any blood tinge.
Cell count analysis of the BAL showed 36% eosinophils, 28% lymphocytes, 20%
macrophages, 6% neutrophils, and 10% other cells. Cytologic examination of BAL
revealed numerous lipid-laden macrophages (LLM) and an increased number of
eosinophils (Figure 3). An extensive microbiologic workup, including SARS-CoV-2
PCR was negative. The clinical presentation and BAL findings were consistent with
the diagnosis of acute eosinophilic pneumonia. Given the severity of hypoxemia and
the necessity of non-invasive positive pressure ventilation, the patient was started
on 60 mg of intravenous methylprednisolone every 6 hours with rapid clinical and
radiologic improvement within 48 hours (Figure 4). The patient was discharged home

Figure 3 — Cytologic examination
of the bronchoalveolar lavage revealed
foamy macrophages (arrow) and
increased number of eosinophils.
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Figure 4 — Chest X-ray

72 hours dfter initiation of
high dose steroid therapy
on the day of discharge
demonstrated a significant
improvement (A). A follow-
up X-ray one week after
discharge was normal (B).

on 60 mg of prednisone daily (with a tapering plan over the next four weeks) within
72 hours after the initiation of methylprednisolone therapy with minimal oxygen
requirement. During outpatient follow-up a week after discharge, he was back to
normal without any respiratory complaints. During the course of his illness, the
peripheral blood eosinophils reached a peak of 700 cells on day 2.

Discussion
SARS-CoV-2 is the etiologic agent for the COVID-19 pandemic, which has caused
more than 6 million deaths worldwide (Saha et al., 2020). Involvement of the
lower respiratory tract by SARS-CoV-2 may result in severe COVID-19 requiring
hospitalization and intensive care admission. However, the presentation of
COVID-19 could be indistinguishable from other respiratory illnesses because of the
nonspecificity of the symptoms. Similarly, the radiologic appearance of COVID-19
could also be identical to many other respiratory diseases (Saha et al., 2021).
Additionally, false-negative SARS-CoV-2 PCRs are not uncommon, complicating
the issue further (Kanji et al., 2021; Saha et al., 2022). Therefore, caution should be
practiced to avoid misdiagnosis and provide appropriate patient care.

The use of electronic cigarettes or vaping has become a popular trend among
adolescents and teenagers. Unfortunately, the misguided notion that vaping is
“safe” has led to nicotine addiction among millions of high school students in the
United States (Wang et al., 2020). Starting in August 2019, an epidemic of EVALI
has been reported in all states in the US, with a mortality rate of approximately
2.6% (Cherian et al., 2020). Extensive research has suggested the likely culprit is
vitamin E acetate in the vaping solution. However, other possible etiologies, including
tetrahydrocannabinol (THC), could not be definitively ruled out. The primary
histopathologic lesion in EVALI has been acute fibrinous pneumonitis, diffuse alveolar
damage (DAD), organizing pneumonia, and bronchiolitis (Butt et al., 2019). Although
uncommon, AEP has been reported in a few patients with EVALI during the
epidemic in the US and before that (Thota and Latham, 2014; Kamada et al., 2016;
Mull et al., 2020; Puebla Neira et al., 2020; Wolf and Richards, 2020; Takigawa et al.,
2022; Bonnier et al., 2023).

AEP was first reported in 1989 nearly simultaneously by two independent
groups from the United States (Allen et al., 1989; Badesch et al., 1989). The
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authors reported a new entity, which, unlike chronic eosinophilic pneumonia, had

an acute onset of respiratory symptoms associated with constitutional symptoms,
demonstrated diffuse pulmonary involvement on radiologic imaging, and prompt
response to systemic corticosteroids (CS). The BAL eosinophil count was elevated
(greater than 25%), generally without peripheral eosinophilia. The new entity

was considered idiopathic as all known causes of pulmonary eosinophilia were
excluded. However, as more cases and small retrospective studies were available,

it became clear that most of these patients were smokers (Philit et al., 2002; Shorr
et al., 2004; Uchiyama et al., 2008). AEP was reported in patients who were new
smokers or resumed smoking after quitting for some time. Also, smokers with a
recent increase in cigarette consumption were found to be susceptible. In one of the
largest retrospective studies of patients with AEP, 99% of patients were smokers
(Rhee et al., 2013). It is important to emphasize that only a minute percent of
smokers develop AEP, perhaps highlighting the contribution of one’s genetic makeup.
Recurrence of AEP following provocation by smoking has been documented in a
number of cases (Nakajima et al., 1998). AEP is more prevalent in men than women.
There may also be a seasonal variation in the occurrence of AEP, with a higher
incidence during the summer months (Yoon et al., 2016).

The exact pathophysiology of AEP is currently unknown. However, it is thought
to originate from epithelial and endothelial injury due to inhalational toxins (smoke,
vaping products and others). The tissue injury results in the robust expression of
interleukin-33 (IL-33), which likely plays the central role in the pathogenesis of AEP
(De Giacomi et al., 2018). The IL-33, in turn, causes activation of innate lymphoid
cells (ILC)-2 in the airways and dictates a Th2 helper cell-mediated inflammatory
response promoting the production of IL-4, IL-5, and IL-13 that is responsible for
the recruitment of eosinophils in the lungs. At the same time, neutrophils, alveolar
macrophages, and lymphocytes are also recruited by an unknown mechanism and
likely contribute to the pathogenesis (Fujimura et al., 1998). High levels of IL-5 in the
patients’ serum have been reported in patients with AEP (Miki et al., 2002).

There are no specific historical diagnostic clues for AEP, but it is often considered
in patients who are new smokers or increased smoking consumption recently.

An increasing peripheral blood eosinophil level in hospitalized patients may also
prompt the consideration of AEP in differential diagnoses of pneumonia (Jhun et al.,
2014). Patients present with fever, cough with or without sputum production, chest
pain, and dyspnea. The median duration between onset of smoking (or increased
quantity) and AEP has been reported to be 17 days (range 13-26 days) (Rhee et al.,
2013). Other studies have shown similar data, with most patients presenting within
a month after a change in their smoking behavior (Suzuki and Suda, 2019). In our
patient, the duration of smoking onset and symptom onset was only three days,
raising the question of whether smoking and vaping could have an additive effect.

A previous paper reported the interval between smoking onset and AEP as short as
two days (Nakajima et al., 1998).
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The diagnostic criteria used for defining AEP have varied among studies. Some
authors have included patients with respiratory symptoms for up to one month
(Philit et al., 2002; Shorr et al., 2004; Rhee et al., 2013; Jhun et al., 2014; De Giacomi
et al., 2017), whereas others have considered one to two weeks (Sine et al., 2018).
Some reports have considered fever a crucial component (Philit et al., 2002; Shorr
et al., 2004), but others have reported its absence in a significant number of patients
(Rhee et al., 2013). The severity of respiratory failure has also varied among studies,
with some showing a high rate of respiratory failure requiring mechanical ventilation
(Philit et al., 2002; Shorr et al., 2004). In contrast, others have shown many minimally
symptomatic patients and a low incidence of intubation (Rhee et al., 2013). AEP
likely has a spectrum of presentations that ranges from mild self-limiting illness to
respiratory failure resulting in death.

The physical examination findings are nonspecific. Chest auscultation often
reveals basilar crackles but could be unrevealing. The radiologic chest imaging
typically shows bilateral lung infiltrates, but unilateral involvement may also be
seen. Computed tomography (CT) scan of the chest provides a more detailed
evaluation. Bronchiolocentric ill-defined centrilobular pulmonary nodule, ground
glass opacity, consolidation, bronchovascular bundle thickening, and interlobular
septal thickening are seen in patients with AEP (Rhee et al., 2013). Small
bilateral pleural effusion is present in nearly two-thirds of patients (Sine et al.,
2018). Laboratory evaluation shows leukocytosis with neutrophilia and elevated
inflammatory markers, such as CRP and d-dimer. Peripheral eosinophilia may be
present in a minority of patients at the time of presentation or develop within the
next few days (Jhun et al., 2014).

Bronchoscopy plays a crucial role in the diagnosis of AEP. A BAL eosinophil level
greater than 25% is necessary to make the definitive diagnosis. A bronchoscopy
could also rule out other causes of pulmonary eosinophilia. We identified lipid-
laden macrophages (LLM) on the cytologic evaluation from BAL. LLM or foamy
macrophages have been reported in patients with EVALI (Maddock et al., 2019),
and some authors have suggested LLM as a marker for EVALI (Guerrini et al.,
2020). However, LLM could be seen in a multitude of disease processes including
in otherwise healthy smokers (Ghosh et al., 2021). Deposition of lipid particles in
the alveolar macrophages (AM) represent improper cycling of the surfactants by the
AM. Inhalation of an oil-based compound, as seen in lipoid pneumonia, is another
etiology of LLM on BAL (Chieng et al., 2022). The histopathologic examination of
the lungs shows eosinophilic infiltration of pulmonary parenchyma and interstitial
tissue, eosinophilic abscesses, nonnecrotizing perivascular inflammation, and
sometimes diffuse alveolar damage (De Giacomi et al., 2018). Hyperplasia of the
interstitial lymphocytes, type-2 alveolar epithelial cells, and intraalveolar organizing
exudates are also seen.

Treatment with systemic corticosteroid (CS) is highly effective in AEP. Patients
show clinical and radiographic improvement within 48—72 hours. The absence
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of improvement within this time frame may point toward a different diagnosis.
Patients with respiratory failure requiring intubation typically receive high dose CS
(methylprednisolone 60 to 125 mg every 6 hours), whereas less sick individuals
could be treated with 40—-60 mg of prednisone daily. The CS is typically tapered
over 4-8 weeks, but a 2-week course is equally effective (Rhee et al., 2013).
No prospective studies have compared different dosing of CS in patients with
AEP. Nevertheless, the prognosis is generally good. The presence of peripheral
eosinophilia may suggest a more benign disease course (Jhun et al., 2014).

We have reported the case of AEP in a young male likely caused by vaping with
a possible contribution from new-onset smoking. The diagnosis was confirmed
by bronchoscopic evaluation showing BAL eosinophil > 25% and the absence of
any microbiologic cause of pulmonary eosinophilia. The clinical and radiologic
manifestations were initially concerning for COVID-19, but an accurate diagnosis was
eventually reached after careful evaluation. Therefore, AEP should be considered in
the differential diagnoses of community-acquired pneumonia, ARDS, and suspected
COVID-19, especially in the presence of risk factors and developing peripheral
eosinophilia.
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Abstract: Neonatal osteomyelitis (OM), although exceptionally rare, has been
linked to detrimental sequel, as diagnosis in the early stages is challenging and any
delay in treatment can lead to disturbance in skeletal growth. In pediatric OM

the most commonly grown bacteria is Staphylococcus aureus followed by group A
Streptococcus (GAS). Notwithstanding, sepsis-induced coagulopathy is a well-known
entity in children and adults, still sepsis-associated thrombosis is sparsely observed.
we present a case of a newborn with GAS associated OM and thrombosis. A term
neonate on the 11" day of life was referred to our NICU due to right (R) lower limb
edema, cyanosis and core temperature up to 39 °C. Late onset sepsis was suspected
and started on vancomycin and amikacin. A colour Doppler scan showed thrombosis
of the R common femoral vein. The neonate started on iv unfractionated heparin.
Ampicillin was added given positive for GAS blood culture. An MRI on the 5" day of
admission, showed evidence of thrombosis resolution. On the 14% day of admission,
a bone Tc99 scan showed evidence of OM of R femur. Antibiotic treatment
switched to amoxicillin per os. The management was restricted to anticoagulant
therapy with low molecular weight heparin for 3 months and antibiotic therapy for

6 months without surgery intervention and the patient recovered and discharged

at 42 days of age. Early diagnosis and treatment of neonatal osteomyelitis can
prevent bone destruction. Sepsis-associated thrombosis is barely observed during
osteomyelitis, yet it should be considered as an emerged case requiring prompt
treatment.
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Introduction

The prevalence of osteomyelitis (OM) in neonates ranges from 1-3 cases for every
1,000 hospitalized subjects (Frederiksen et al., 1993). From a pathophysiological
aspect, the presence of transphyseal vessels crossing the growth plate makes
possible the spread of infection from metaphysis to epiphysis. Osteomyelitis in
neonates is challenging to diagnose in early stages and, although not frequent, can
potentially lead to joint destruction and growth failure. The most common cause of
OM is Staphylococcus aureus followed by maternal vaginal pathogens (llharreborde,
2015). In neonates very few cases of OM attributed to group A Streptococcus (GAS)
have been described (Berberian et al., 2010). The invasive type of GAS infection is
linked to the M-protein mediated activation of the clotting cascade (Ben Nasr et al.,
1995). Vascular thrombosis as purpura fulminans is a well-recognized clinical feature
of coagulopathy dysregulation provoked by generalized GAS infection (Gonzélez-
Abad and Alonso Sanz, 2020).

Regarding coagulopathy in the neonatal period, hemostasis following
developmental age-related maturation pattern is widely stressed for thromboembolic
events (Andrew, 1995). Thromboembolism in hospitalized neonates ranges from
2.4 to 6.8 events per 1,000 admissions (van Elteren et al., 2011). Particularly, venous
thrombosis represents 50% of thromboembolic events, and deep venous thrombosis
mostly comes as a complication of central line insertion while neonatal thrombosis is
strongly correlated with sepsis (Monagle et al., 2012).

However, neonatal OM from GAS combined with deep vein thrombosis as a
sequel of GAS-associated invasive disease has not been reported so far. We report a
case of neonatal OM in parallel with thrombosis of the affected limb caused by GAS
in a term female newborn.

Case report

A female neonate on the 11" day of life was referred to our NICU (Neonatal
Intensive Care Unit) from a secondary hospital facility due to right (R) lower limb
edema, cyanosis and core temperature up to 39 °C. A 2-day course of agitation and
reduced oral intake had preceded the referral. Reduced spontaneous movement of
the right (R) lower limb and pain in diaper changes were also reported. No clinical
signs of upper respiratory tract infection were noted. This was a term neonate
delivered from a multigravida 24-years-old mother at 40 weeks postmenstrual age
with caesarean section due to breech position of the baby. Birth weight was 3,760 g
and somatometric features were within normal range.

During admission, physical examination revealed paleness, mottled skin and
irritability, rectal temperature of 39 °C. She weighed 3,850 g. Clinical evidence of
right lower limb swelling combined with erythematous appearance of skin which
was painful on palpation with markedly reduced spontaneous movements of femur,
raised the suspicion of deep vein thrombosis (Figure 1A). She was hemodynamic
stable without need for cardiovascular or respiratory support. Laboratory
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Figure 1A — Swelling and discoloration of right lower limb indicative of thrombosis on admission (at 11 day
of life); 1B — remission of right lower limb swelling after 48 h of heparin treatment.
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Figure 2A and B — Colour Doppler ultrasound scan of right leg showed thrombosis of right common femoral vein
(CFV) with unobstructed arterial flow on admission.

examination showed a hemoglobin of 12.5 g/dl, thrombocytes were 146x10°/I,
leukocytes were 5.88x10%/1 with an absolute neutrophil count of 2.96x10°/1 and
C-reactive protein was 21.8 mg/dl. Urine sediment and cerebrospinal fluid analyses
were negative for pathogens isolation. Screening for coagulation disorders was
unremarkable. Sepsis screen was obtained, a late onset sepsis was suspected and
was commenced on vancomycin and amikacin as well as sedation with fentanyl.
Brain ultrasound including Doppler scan was performed, without evidence of
hemorrhage or infarction. Joint vascular and radiology team also performed a colour
Doppler scan of R leg that showed thrombosis of R common femoral vein (CFV)
with unobstructed arterial flow (Figure 2A and B). The neonate was immensely
started, as per our NICU protocol, on iv unfractionated heparin with a loading
dose of 75 mg/kg and maintenance dose of 28 mg/kg/hour for 4 hours. The

Thromboembolism Due to GAS Infection
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Figure 3A — Area of low signal in the site
of thrombosis in the right femoral lumen,
without signs suspicious of bone malignancy
or osteomyelitis; 3B — coronal T1-weighted
image of the distal femur shows an area
of low signal intensity in the right medial
distal femoral metaphysis indicative of
osteomyelitis; 3C — X-ray imaging of the
right femur showed periosteal reaction and
bone destruction along with deep soft tissue
swelling improvement and lytic changes in
the bone on the 14™ day of admission.

efficacy of heparin was evaluated with activated partial thromboplastin time (APTT),
international normalized ratio (INR), anti-Xa in the end of the aforementioned
course of intravenous heparin. The switch to low molecular weight heparin
(LMWH) enoxaparin (150 mg/kg/dose subcutaneously) was guided by conventional
laboratory scan. Antibiotic treatment was adjusted to ampicillin, vancomycin,
amikacin given positive for Streptococcus pyogenes (group A) blood culture at the
admission sample. On the 3™ day of admission, 48 hours post heparin infusion,
there was noted clinical improvement in terms of edema reduction and decrease

in R leg discoloration as well as lessening in pain (Figure 1B). The colour Doppler
ultrasound showed reduction of the thrombus and blood flow improvement. An
MRI (magnetic resonance imaging) R lower limb was performed on the 5" day of
admission, showing evidence of gradual improvement in the site of thrombosis,
without signs suspicious of bone malignancy (Figure 3A). On the 14" day of
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admission, due to localized pain in the proximal part of R femur, a bone Tc99 scan
was performed, which showed evidence of osteomyelitis of R femur. Similar findings
indicative of osteomyelitis were detected on MRI (Figure 3B). Simultaneously, an
X-ray imaging of the femur revealed periosteal reaction, bone destruction and soft
tissue improvement while there were no pathological findings on X-ray at disease
onset (Figure 3C). Orthopedic consultation was performed, and antibiotic treatment
switched to amoxicillin per os after a 4-weeks intravenous course. The overall
antibiotic treatment lasted for a 6 week course.

Evaluation of the family for Streptococcus colonization or infection was performed
and nasal, rectal and vaginal samples were obtained. Streptococcus pyogenes was not
confirmed in the isolates.

The management restricted to anticoagulant therapy with LMWH for 3 months
(1-month therapeutic dose and 2-months prophylactic dose) and antibiotic therapy
alone without surgery intervention and the patient recovered and discharged at
42 days of age. There were no profound complications and no recurrence for
both bone damages or impaired movement and thrombosis with a mean follow up
period of 12 and 6 months respectively. Labouring for the evaluation of coagulation
disturbances remained consistently negative for a time period of 6 months.

Discussion

In our patient GAS was isolated in blood culture, although this specific pathogen
has been only described in very few cases of neonatal OM, with good response

to 4-weeks intravenous vancomycin, ampicillin and amikacin and 2-weeks oral
amoxicillin treatment (Frederiksen et al., 1993; Berberian et al., 2010; llharreborde,
2015). In our case, late onset sepsis was initially considered as the cause of the
patient’s clinical presentation, thus the neonate was initially started on vancomycin
and amikacin. The most frequently isolated pathogen in neonates diagnosed with
OM is methicillin-resistant Staphylococcus aureus (MRSA) followed by Streptococcus
group B and gram-negative pathogens as part of maternal flora and breach

delivery has been strongly proposed as risk factor which predisposes subjects for
osteomyelitis in the neonatal period (Sarlangue et al., 2007). Based on the above,
Castellazzi et al. (2016) recently suggested that, when neonatal OM is suspected,
empirical antibiotic treatment with antistaphylococcal penicillin or vancomycin
combined with amikacin should be opted as first choice. There is wide discussion in
the management of pediatric OM, with some researchers suggesting a short-term
intravenous treatment switched thereafter to oral agents in non-complicated cases,
for an overall course of 3—6 weeks (Dartnell et al., 2012). However, the safety
and efficacy of this approach in neonates has not been proven yet (Castellazzi et
al., 2016). Our patient was initially treated as late-onset sepsis although she should
have been treated for a community acquired infection. The antibiotic scheme with
vancomycin and amikacin was driven by the improvement of inflammatory markers
within 48 hours from the start of the above regimens.

Thromboembolism Due to GAS Infection
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Typically changes in X-ray may be present approximately 7-10 days after the
disease onset while MRI imaging may play a role in the diagnosis in early stages
(Blickman et al., 2004). Bone ultrasound (u/s) is a promising diagnostic tool in
specialists with experience. The mean time of diagnosis is reported at 1214 days
after disease onset (Zhan et al., 2019). Our patient’s diagnosis was set at 14 day of
disease progress by bone Tc99 scan and confirmed by MRI and X-ray findings.

Group A Streptococcus has been reported as the second more frequent bacterial
cause of OM in children. The invasive form of GAS-associated infection causes
coagulation disorders mostly linked to plasminogen and kininogen activation, for
this reason is also associated with episodes of vascular thrombosis (Ben Nasr et al.,
1995). Soluble M-protein and its serotypes by using immunoregulatory properties
activate equally the tissue factor, contact system and platelets (Shannon et al,,
2007). This protein mediated activation of clotting factors and cells results in a
stable fibrin structure which entraps bacteria and eliminates infection spread. GAS
as a major immunomodulator leads to dysregulation of the coagulation system
enhancing its invasive nature and presenting as purpura fulminans (Gonzalez-Abad
and Alonso Sanz, 2020). Sepsis-induced coagulopathy and immunothrombosis
in the context of bacteria spread elimination is a well-established knowledge in
both children and adults but scarcely investigated in neonates. Aberrations in
the activation of coagulation cascade may lead in disturbances like disseminated
intravascular coagulation with thrombosis or bleeding. Limited cases of thrombosis
during osteomyelitis have been reported in the neonatal period. Moreover, it is a
unique report of the deep vein thrombosis manifestation in GAS-associated neonatal
osteomyelitis.

Neonatal venous thrombosis mostly is observed in hospitalized neonates while
signs and symptoms are linked with thrombosis location. Premature infants are
more prone to venous thrombosis accounted for 71% of the overall incidence. The
underlying sickness and intensive care unit handlings are responsible for differences
in timing thrombosis occurrence between term and preterm neonates (Saracco
et al., 2016). In a German registry thrombosis was more commonly detected at
11" or 12" day of life than at birth mainly for premature neonates (Nowak-Géttl
et al., 1997). Similarly, in our patient the diagnosis was placed on 12" day of life.
Moreover, the presence of thrombosis at the admission was misleading for the
final diagnosis. Ultrasonography is the most common imaging modality widely
used to diagnose venous thrombosis (Male et al., 2003). An ultrasonography and a
confirmatory MRI scan were performed to our patient.

There is a paucity of data regarding evidence based on clinical trials in treatment
of neonatal thrombosis which is largely based on consensus guidelines. According to
American College of Chest Physicians’ guidelines treatment include unfractionated
heparin and low molecular weight heparin and the administered doses are much
higher to reach therapeutic targets compared to older children regarding the
developmental hemostasis in neonates (Andrew, 1995; van Elteren et al., 2011;
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Monagle et al., 2012). Duration of treatment varies from 3 months for thrombosis
related to underlying disease to 6 months for idiopathic thrombosis (Monagle et al.,
2012). Recent literature has introduced a new generation anticoagulant, rivaroxaban,
for neonatal venous thrombosis. Its use is considered to secure non-recurrence

of thrombosis, thrombus elimination and reduction of bleeding risk compared

to standard heparin and vitamin K antagonists (Male et al., 2020). In our patient
therapeutic levels of LMWH achieved with enhanced doses under monitoring with
aPTT and anti-Xa levels. By simultaneously monitoring the maximum of safety and
efficacy of heparin administration was achieved.

Conclusion

It follows that although osteomyelitis in neonates is rare it should be considered
along with reduction in limb movement. Early diagnosis and treatment can prevent
bone destruction and impairment of bone growth. Group A Streptococcus-associated
osteomyelitis is equally rare and a potential risk factor for deep venous thrombosis
development which in turn could be life threatening without prompt treatment.

References

Andrew, M. (1995) Developmental hemostasis: Relevance to hemostatic problems during childhood. Semin.
Thromb. Hemost. 21(4), 341-356.

Ben Nasr, A. B., Herwald, H., Miller-Esterl, W., Bjorck, L. (1995) Human kininogens interact with M protein,
a bacterial surface protein and virulence determinant. Biochem. J. 305(Pt 1), 173-180.

Berberian, G., Firpo, V., Soto, A., Lopez Mafan, J., Torroija, C., Castro, G., Polanuer, P, Espinola, C.,

Pifieiro, J. L., Rosanova, M. T. (2010) Osteoarthritis in the neonate: Risk factors and outcome. Braz. J.
Infect. Dis. 14(4), 413-418.

Blickman, J. G., van Die, C. E., de Rooy, J. W. ]. (2004) Current imaging concepts in pediatric osteomyelitis.
Eur. Radiol. 14, L55-L64 (Suppl. 4).

Castellazzi, L., Mantero, M., Esposito, S. (2016) Update on the management of pediatric acute osteomyelitis
and septic arthritis. Int. J. Mol. Sci. 17(6), 855.

Dartnell, J., Ramachandran, M., Katchburian, M. (2012) Haematogenous acute and subacute paediatric
osteomyelitis: A systematic review of the literature. J. Bone Joint Surg. Br. 94(5), 584-595.

Frederiksen, B., Christiansen, P.,, Knudsen, F. U. (1993) Acute osteomyelitis and septic arthritis in the neonate,
risk factors and outcome. Eur. J. Pediatr. 152(7), 577-580.

Gonzalez-Abad, M. ., Alonso Sanz, M. (2020) Invasive Streptococcus pyogenes infections (2011-2018): EMM-
type and clinical presentation. An. Pediatr. (Engl. Ed.) 92(6), 351-358. (in Spanish)

lIharreborde, B. (2015) Sequelae of pediatric osteoarticular infection. Orthop. Traumatol. Surg. Res. 101, $129—
$137 (Suppl. 1).

Male, C., Kuhle, S., Mitchell, L. (2003) Diagnosis of venous thromboembolism in children. Semin. Thromb.
Hemost. 29(4), 377-390.

Male, C., Lensing, A. W. A., Palumbo, J. S., Kumar, R., Nurmeey, ., Hege, K., Bonnet, D., Connor, P,
Hooimeijer, H. L., Torres, M., Chan, A. K. C., Kenet, G., Holzhauer, S., Santamaria, A., Amedro, P,
Chalmers, E., Simioni, P, Bhat, R. V., Yee, D. L., Lvova, O., Beyer-Westendorf, |., Biss, T. T., Martinelli, I.,
Saracco, P, Peters, M., Kallay, K., Gauger, C. A., Massicotte, M. P, Young, G., Pap, A. F., Majumder, M.,
Smith, W. T., Heubach, J. F.,, Berkowitz, S. D., Thelen, K., Kubitza, D., Crowther, M., Prins, M. H.,

Thromboembolism Due to GAS Infection



300)  Prague Medical Report / Vol. 124 (2023) No. 3, p. 293-300

Monagle, P.;; EINSTEIN-Jr Phase 3 Investigators (2020) Rivaroxaban compared with standard
anticoagulants for the treatment of acute venous thromboembolism in children: A randomised, controlled,
phase 3 trial. Lancet Haematol. 7(1), e18-e27.

Monagle, P, Chan, A. K. C., Goldenberg, N. A., Ichord, R. N., Journeycake, J. M., Nowak-Géttl, U.,

Vesely, S. K. (2012) Antithrombotic therapy in neonates and children: Antithrombotic Therapy and
Prevention of Thrombosis, 9" ed.: American College of Chest Physicians Evidence-Based Clinical Practice
Guidelines. Chest 141, e7375-e801S (Suppl. 2).

Nowak-Géttl, U., von Kries, R., Gobel, U. (1997) Neonatal symptomatic thromboembolism in Germany: Two
year survey. Arch. Dis. Child. Fetal Neonatal Ed. 76(3), F163-F167.

Saracco, P, Bagna, R., Gentilomo, C., Magarotto, M., Viano, A., Magnetti, ., Giordano, P, Luciani, M., Molinari,
A. C., Suppiej, A., Ramenghi, L. A., Simioni, P.; Neonatal Working Group of Registro Italiano Trombosi
Infantili (RITI) (2016) Clinical data of neonatal systemic thrombosis. J. Pediatr. 171, 60-6.e1.

Sarlangue, |., Castella, C., Pontailler, ., Chateil, J. F. (2007) Neonatal infections of the bones and joints.

Arch. Pediatr. 14, S108-5112 (Suppl. 2). (in French)

Shannon, O., Hertzén, E., Norrby-Teglund, A., Morgelin, M., Sjobring, U., Bjorck, L. (2007) Severe
streptococcal infection is associated with M protein-induced platelet activation and thrombus formation.
Mol. Microbiol. 65(5), 1147-1157.

van Elteren, H. A., Veldt, H. S., Te Pas, A. B., Roest, A. A. W., Smiers, F. ]., Kollen, W. J., Sramek, A.,
Walther, F. J., Lopriore, E. (2011) Management and outcome in 32 neonates with thrombotic events. Int. J.
Pediatr. 2011, 217564.

Zhan, C., Zhou, B., Du, J., Chen, L. (2019) Clinical analysis of 17 cases of neonatal osteomyelitis:
A retrospective study. Medicine (Baltimore) 98(2), e14129.

Mitsiakos G.; Gialamprinou D.; Tsakalidis Ch.; Babatseva E.; Lithoxopoulou M.; Diamanti E.



Prague Medical Report / Vol. 124 (2023) No. 3, p. 301-307 301)

Successful Treatment of Detachment
of the Incision after Al-Ghorab Procedure:
A Case Report and Review of Literature

Rifat Burak Ergiil', Mehmet Akif Ramazanoglu?, Murat Sambel?,
Sinan Aksit?, Murat Dursun', Ates Kadioglu'?

'Department of Urology, Istanbul Faculty of Medicine, Istanbul University,
Istanbul, Turkey;

’Department of Urology, Section of Andrology, Istanbul Faculty of Medicine,
Istanbul University, Istanbul, Turkey

Received December 31, 2022; Accepted August 17, 2023.
Key words: Al-Ghorab procedure — Priapism — Shunt surgery — Wound infection

Abstract: Al-Ghorab procedure is known as open distal shunt for the treatment
of ischemic priapism. In the literature, no information in terms of complications is
available in three of fourteen studies. In the remaining eleven studies, complications
occurred in five studies only. Here we present a case report describing successful
treatment of detachment of the incision after Al-Ghorab procedure.
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Introduction

Priapism is defined as a prolonged penile erection lasting longer than four

hours unrelated to sexual interest or stimulation. The incidence of priapism is
0.9/100,000 per year (Eland et al., 2001). Priapism is categorised as ischemic (low
flow), stuttering (recurrent) and non-ischemic (high flow).

Ischemic priapism accounts for 95% of the priapism cases and if not treated
accordingly, leads within few hours to irreversible changes resulting in permanent
erectile dysfunction. First line therapy is intracavernosal aspiration * irrigation with
0.9% saline, eventually in combination with pharmacological agents. Penile shunt
surgery (PSS) and implantation of a penile prosthesis (IPP) are indicated as a second-
line treatment. Types of shunt surgeries are percutaneous distal (corpora-glandular),
open distal (corpora-glandular), open proximal (corpora-spongiosal), peno-scrotal
decompression and corpora-venous anastomoses/shunts.

Open distal (corpora-glandular) shunt is known as Al-Ghorab procedure and
was modified by Burnett. Briefly, Al-Ghorab procedure is 1-2 centimetre (cm)
long transverse incision approximately 1 cm distally from the dorsal coronal
margin of the glans penis. The distal end parts of the tunica albuginea underneath

Figure 1 — A) Detachment of the incision on the glans; B) follow-up on the 15" day;
C) follow-up on the fourth month; D) local finding before glansplasty.
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the incision are excised bilaterally and a corpora-glandular shunt is created
(Burnett’s modification instead of tunica albuginea excision uses Hegar dilators
to create communication between the corpora cavernosa and the glans). The
penis is manually compressed from proximal to distal and the accumulated blood
in corpora cavernosa is completely drained until fresh blood is obtained. The
operation is completed by using 3/0 absorbable sutures to close the skin incision
(Muller, 2016).

Case report

A 48-year-old patient without any comorbidity presented for an episode of priapism
(after intracavernosal injection of papaverine hydrochloride) lasting for more than
48 hours to an emergency clinic in Iran, where he underwent cavernosal aspiration
and saline irrigation with sympathomimetic agent. The priapism episode persisted,
and he underwent Al-Ghorab procedure as described above.

Subsequently, the patient was evaluated on the sixth postoperative day at our
outpatient clinic after Al-Ghorab procedure. On physical examination detachment of
the incision on the glans and foul-smelling discharge were noticed (Figure 1A).

The amoxicillin/clavulanic acid 1,000 mg was administered immediately. After the
antibiotic treatment the infection at the detachment side ceased and the patient was
scheduled for glans approximation procedure six months after the surgery
(Figure 1B and C).

The patient returned six months later from Iran and underwent a glansplasty
operation (Figure 1D). The fibrotic tissue at the edges of the wound was removed
and the wings of the glans were approximated by means of two-layer fashion.

The first layer was approximated by using 4/0 polyglycolic acid and the skin by
4/0 rapid-polyglycolic acid. The histopathological examination of fibrotic tissue
revealed fibrosis with inflammatory infiltration. No complications were seen at the
postoperative follow-up (Figure 2A).

Figure 2 — A) Postoperative second month; B) light grey lines: arteries, dark grey line:
Al-Ghorab incision, black line: T-shunt incision.
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Table 1 - Studies with Al-Ghorab procedure

Type of Number Number of Type of
s:r er of patients with ct))'rn lications
gery patients complications P
Ercole et al. (1981)  Al-Ghorab 7 NR
1: wound infection,
penile necrosis
modified 1: wound infection,
Segal etal. (2013) Al-Ghorab 10 2 penile necrosis,
urethrocutaneous
fistula
Burnett and modified 3 0
Pierorazio (2009)  Al-Ghorab
Teo et al. (2021) Al-Ghorab 1 0
Afriansyah et al. modified y NR
(2017) Al-Ghorab
Sekerci et al. (2015) Al-Ghorab 1 0

necrosis distal to
the incision, dorsal

(P;(I;d;;\o etal Al-Ghorab 1 1 glandular urethro-
cutaneous fistula,
meatal stenosis

Ford-Glanton et al. modified ] ] necrosis, abscess,

(2014) Al-Ghorab gangrene

De Stefani et al. urethrocutaneous

(2001) Al-Ghorab 1 1 fistula

Lian et al. (2010) :ﬁ’é‘:gib 12 0

Shiraishi and modified ) 0

Matsuyama (2013)  Al-Ghorab

1: Al-Ghorab 0
Zheng et al. (2013)  2: Al-Ghorab + 1 urethral fistula
Grayhack-shunt

Nixon et al. (2003)  Al-Ghorab 18 NR

Ugwumba et al.

(2016) Al-Ghorab 15 0

NR — not reported

Discussion

Al-Ghorab procedure is one of the shunt surgeries performed as the second line
treatment of ischemic priapism. Wound infections, cavernositis, penile skin necrosis,
urethrocutaneous fistula, and urethral stricture can develop after Al-Ghorab
procedure. There are 14 studies evaluating Al-Ghorab or modified Al-Ghorab
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procedure in the literature. In three of fourteen studies, no information in terms of
complications is available. In the remaining eleven studies, complications occurred in
five of them only (Table 1).

Segal et al. (2013) examined 10 cases treated with modified Al-Ghorab shunt
procedure. Wound infection and penile skin necrosis were encountered in two
patients after the surgery and one of them developed urethrocutaneous fistula
(Segal et al., 2013). The causes of priapism in these two patients were idiopathic
and intracavernosal injection of trimix. The patients were treated with surgical
debridement.

Paladino et al. (2014) reported necrosis and urethrocutaneous fistula due to
Al-Ghorab procedure in a patient who was on valproic acid, clonazepam, haloperidol
and levomepromazine for the treatment of schizophrenia. An inadvertent injury of
the glandular urethra occurred during the Al-Ghorab procedure. In the follow-up
of the patient, necrosis occurred in the distal part of the incision and the patient
developed dorsal glandular urethrocutaneous fistula and meatal stenosis on the
14™ day after catheter removal. Johanson urethroplasty was performed to treat the
fistula.

Ford-Glanton et al. (2014) reported a case of priapism with diabetes mellitus,
arterial hypertension, hepatitis C and hyperlipidaemia. The patient complained of
fever on admission to the hospital. Leukocytosis (27,200%10°/1) was detected in the
blood count. The patient underwent Al-Ghorab procedure and antibiotic treatment
for ten days with cephalexin. On the 21% day of the follow-up, thick scar tissue was
observed in the glans penis and the wound was considered to have healed properly.
However, on the 30" day, the patient presented with complete glans necrosis. After
MR (magnetic resonance) imaging, an abscess of approximately 14 cm length was
detected spreading to both corpora cavernosa and an emergency distal penectomy
was performed. Unlike this case, the patient in our report was on antibiotic
treatment for four weeks and he developed no additional penile pathology except
wound dehiscence.

De Stefani et al. (2001) reported a case with priapism which was initially treated
with Winter procedure. Because of the persistence of priapism episode, Al-
Ghorab procedure was performed. The patient developed high flow priapism
postoperatively which was treated with the embolization of the cavernosal arteries.
Few days later, small, darkened spot appeared on the skin of the glans. Meatal
stenosis and urethrocutaneous fistula developed one month later. The fistula was
treated with three-layer microsurgical technique and stenosis was managed with
self-dilation.

Zheng et al. (2013) reported a urethral fistula in a patient with a priapism episode
caused by risperidone. Winter, Al-Ghorab and Grayhack-shunt operations were
performed as the surgical treatment of the priapism episode. The urethrocutaneous
fistula, which appeared in the early period, closed spontaneously seven months
postoperatively.

Detachment of the Incision after Al-Ghorab
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Al-Ghorab procedure is one of the distal shunts used in the treatment of ischemic
priapism with high success rate (80—100%) since 1970s. However, the distal deep
arteries which run longitudinally on the glans can be damaged by the transverse
incision in this procedure which is subject to complications related to ischemia
(Juskiewenski et al., 1982). Wound infection, glans necrosis and gangrene are more
likely to occur in Al-Ghorab procedure which can compromise the branches of
the deep dorsal artery. Therefore, procedures such as T-shunt, in which an incision
parallel to the course of arteries is performed, should be preferred to prevent
possible complications (Figure 2B).

Conclusion

Al-Ghorab procedure has a lot of complications such as wound infections, glans
necrosis etc. Based on the anatomic localisation of the arteries, T-shunt procedure
should be preferred as a management of ischemic priapism not responding to less
invasive therapeutic modalities.
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Abstract: Masseter hypertrophy (MH) is an uncommon natural condition that
affects the facial contour. The etiology is debatable, and complaints are usually
cosmetic in nature. The diagnosis is essentially clinical and aided by imaging

tests. Treatment is still controversial. The literature is relatively scarce in relation

to information on MH, particularly in the evaluation of outcomes. Through
questionnaires, the progress was observed in the evaluation of the outcomes of
aesthetic procedures. Thus, the purpose of this paper is to apply a Facelift Outcome
Evaluation (FOE) questionnaire to evaluate the outcomes of surgical treatment in

a case of MH. A 23-year-old male presented to the clinic complaining of bullying
due to his facial aesthetics. Clinical and imaging evaluation was performed, with the
creation of surgical guides. The patient answered the FOE questionnaire pre- and
postoperatively, with results of 12.5 and 100.00 respectively. This subjectively shows
the success of the treatment. We suggest that a questionnaire applied exclusively to
masseter hypertrophy should be developed, as well as studies for the development
of muscle volume measurement protocols, aiming at a more specific evaluation of
the surgical outcomes.
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Introduction

Masseter hypertrophy (MH) is an uncommon natural condition that affects the facial
contour (Oliveira et al., 2004; Pereira et al., 2006; Tabrizi et al., 2010; Ozkan et al.,
2012; Andreishchev et al., 2014; Simao et al., 2014; Trento et al., 2017; Ayhan et al.,
2018; Almukhtar and Fabi, 2019) and which may also be referred to as square face
syndrome (Rispoli et al., 2008; Ozkan et al., 2012: Andreishchev et al., 2014; Trento
et al., 2017). Because the masseter muscle plays a key role in facial aesthetics (Xu
and Yu, 2013), patients may suffer from psychological issues due to their facial
appearance (Tabrizi et al., 2010; Ozkan et al., 2012; Ayhan et al., 2018). MH is more
common between 20 and 40 years of age, with no difference between genders
(Oliveira et al., 2004; Pereira et al., 2006; Bravo et al., 2016; Almukhtar and Fabi,
2019), being more present among Asians and less among Caucasians (Rispoli et al.,
2008; Bravo et al., 2016). The etiology is discussed as involving masticatory habits,
bruxism, and mandibular retrusion (Oliveira et al., 2004; Pereira et al., 2006; Pary
and Pary, 2011; Simao et al., 2014; Almukhtar and Fabi, 2019). It is accepted that,
because the masseteric musculature is inserted in the angle of the mandible, it may
cause an overdevelopment of this region, due to muscle strength (Rispoli et al.,
2008; Pary and Pary, 2011; Andreishchev et al., 2014; Trento et al., 2017; Ayhan

et al., 2018). Generally, the patient’s complaint is aesthetic (Pereira et al., 2006;
Rispoli et al., 2008; Trento et al., 2017; Ayhan et al., 2018), due to asymmetry, when
unilateral, or due to a very wide face, when bilateral (Pary and Pary, 2011; Trento
et al., 2017; Anehosur et al., 2020). The bilateral condition is more common (Kim
and Kameyama, 1992). Unilateral hypertrophy is mainly since 78% of the population
has one preferred side in mastication (Almukhtar and Fabi, 2019). Despite being
considered an asymptomatic condition, it may be related to bruxism, pain, or
functional disorders (Oliveira et al., 2004; Bravo et al., 2016; Ayhan et al., 2018;
Almukhtar and Fabi, 2019; Anehosur et al., 2020). The diagnosis is essentially clinical
and supported by imaging tests (Pereira et al., 2006; Simao et al., 2014; Trento et
al., 2017), such as ultrasonography, computed tomography (CT), three-dimensional
reconstruction, and magnetic resonance imaging (Oliveira et al., 2004; Ayhan et al.,
2018; Almukhtar and Fabi, 2019; Anehosur et al., 2020). The differential diagnosis
involves vascular or glandular tumours and inflammatory diseases, such as myositis
ossificans (Rispoli et al., 2008; Ozkan et al., 2012; Sim3o et al., 2014; Trento et al.,
2017; Ayhan et al., 2018), which should be considered especially when there is facial
asymmetry (Ayhan et al., 2018).

Treatment is controversial (Tabrizi et al., 2010; Ozkan et al., 2012; Ayhan et al.,
2018) and encompasses two approaches: conservative (Oliveira et al., 2004; Pereira
et al., 2006; Kihl et al., 2013; Simao et al., 2014; Bravo et al., 2016; Ayhan et al.,
2018; Almukhtar and Fabi, 2019) and surgical (Oliveira et al., 2004; Pereira et al.,
2006; Kiihl et al., 2013; Trento et al., 2017; Ayhan et al., 2018). Conservative
treatment is based on the creation of muscle relaxant plates and the use of muscle
relaxants, although they are not as effective (Pereira et al., 2006; Pary and Pary,
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2011; Almukhtar and Fabi, 2019). The infiltration of botulinum toxin type A in the
medial portion of the muscle — the region with the greatest ramification of the
masseteric nerve — can be a safe alternative, as it minimizes muscle contraction
by preventing the release of acetylcholine in the synaptic cleft, decreasing muscle
activity (Bravo et al., 2016; Almukhtar and Fabi, 2019), being first described in 1994
by Moore and Wood and Smyth (Xu and Yu, 2013; Almukhtar and Fabi, 2019).
Nevertheless, it is not a definitive treatment option, as muscle function returns
after 3—6 months following application (Pary and Pary, 2011; Bravo et al., 2016;
Almukhtar and Fabi, 2019). Surgical treatment was first described by Gurney in
1947 and was based on partial removal of the masseter muscle through an extraoral
approach (Kim and Kameyama, 1992; Oliveira et al., 2004; Kim et al., 2005; Rispoli
et al., 2008; Tabrizi et al., 2010; Andreishchev et al., 2014; Trento et al., 2017).
Wood suggested the resection of the mandibular angle, without manipulation of the
masseter, by intraoral access (Tabrizi et al., 2010; Ozkan et al., 2012; Ayhan et al.,
2018). In 1949, Adams proposed associating partial muscle resection with resection
of the mandibular angle (Kim and Kameyama, 1992; Oliveira et al., 2004; Rispoli et
al., 2008; Andreishchev et al., 2014). Given the fact that the goal of the treatment
is to achieve the aesthetic result, the intraoral access was introduced, avoiding scars
and/or nerve damage in the marginal branch of the facial nerve (Andreishchev et al.,
2014; Trento et al., 2017; Almukhtar and Fabi, 2019), being described by Converse
in 1951 (Kim and Kameyama, 1992; Kim et al., 2005; Andreishchev et al., 2014;
Trento et al., 2017). Surgical management is relatively simple, albeit with variable
results (Kim et al., 2005). Finally, there is no consensus on which option would be
the most suitable for the treatment of MH (Rispoli et al., 2008; Tabrizi et al., 2010;
Pary and Pary, 2011; Almukhtar and Fabi, 2019).

The literature is relatively scarce in relation to information on MH (Pary and
Pary, 2011; Trento et al., 2017), mainly in the form of evaluation of outcomes
(Furlani, 2015). Greater objectivity is needed in the evaluation of outcomes of
aesthetic treatments, in which this parameter is subjective (Furlani, 2015). Through
questionnaires, an evolution has been observed in the evaluation of the outcomes
of these procedures (Furlani, 2015). Questionnaires provide the feedback from
patients, which indicate positive or negative outcomes and the degree of the result
(Hajcak et al., 2006).

Therefore, the purpose of this paper is to apply a Facelift Outcome Evaluation
(FOE) questionnaire to evaluate the outcomes of surgical treatment in a case
of MH.

Case report

A 23-year-old male patient was admitted to the oral and maxillofacial surgery
department for complaining about his aesthetic appearance and facial width,
precisely in the region of the mandibular angles. He reported being the victim of
bullying and ridicule for his facial appearance. During physical examination, it was
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Figure 1 — A) Initial clinical appearance of the patient in 7 left view; B) initial clinical appearance of the patient
in frontal view; C) initial clinical appearance of the patient in 7 right view; D) postoperative at 6 months clinical
appearance of the patient in 7 left view; E) postoperative at 6 months clinical appearance of the patient in
frontal view; F) postoperative at 6 months clinical appearance in smiling frontal view; G) postoperative at 6
months clinical appearance of the patient in % right view.

observed that the patient had a slightly class Il bite, with acceptable occlusion,
absence of excessive tooth wear, and bilateral masseteric swelling (Figure 1A-C). He
denied having deleterious or parafunctional habits. In this context, complementary
imaging tests were requested to diagnose the swelling.

Panoramic radiography showed a prominent mandibular angle without bone
abnormality (Figure 2). On computed tomography of the face, a prominent
muscle and bone position was observed in the mandibular angle, also without
bone alterations (Figure 3A—C). The diagnosis of masseter hypertrophy was
concluded through a combination of clinical and imaging evaluation. Subsequently,
following the application of the FOE questionnaire according to the formula sum of
responses/16x100, the result 2/16X100 = 12.5 was found.

The patient was instructed as to conservative treatment option, such as
interocclusal device and application of botulinum toxin, in an attempt to reduce
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Figure 3 — A) Initial computed tomography in 3D reconstruction of the patient in 7 left view; B) initial

computed tomography in 3D reconstruction of the patient in frontal view; C) initial computed tomography in 3D
reconstruction of the patient in % right view; D) postoperative computed tomography in 3D reconstruction of the
patient in 74 left view; E) postoperative computed tomography in 3D reconstruction of the patient in frontal view;
F) postoperative computed tomography in 3D reconstruction of the patient in 7 right view.
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Figure 4 — A) 3D printed model in % left view; B) 3D printed model in % right view;
C) left cutting guide positioned in the 3D printed model; D) right cutting guide positioned
in the 3D printed model.

muscle strength and cause atrophy of the masseter muscle. Another alternative
would be the orthognathic surgery to improve the facial appearance and zygomatic
osteotomy. However, the patient chose the mandibular recontour osteotomy and
masseter muscle myotomy.

For the surgical planning, a 3D stereolithographic model was made based on
computed tomography scan, and osteotomy guides were made with acrylic resin
(Figure 4). The procedure was performed under general anesthesia, through a
bilateral submandibular access. The regions of the mandibular angles were exposed,
and the superficial and deep layers of the masseter muscle were careful dissected.
Mandibular osteotomies were performed in the mandibular angle according to the
proper position of surgical guides, using a piezoelectric surgery device and 72-fissure
burr and grinding burr to smooth the osteotomy edges (Figure 5A-D). For the
myotomy, an electrocautery was used during tissue cutting and partial removal of the
muscle layer, aiming to minimize bleeding, followed by suturing in layers and dressing
(Figure 5E and F).
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Figure 5 — Trans-operative: A) left mandibular angle exposed; B) left cutting guide positioned in the mandibular
angle; C) osteotomy of the mandibular angle and subsequent osteoplasty; D) mandibular angle removed;
E) myotomy of the masseter muscle; F) masseter muscle removed.

No complications occurred in the postoperative period. No damage to the
marginal nerve of the mandible was seen. After 1 year of surgery, he declares
to be satisfied with the result (Figure 1D—G). The satisfaction questionnaire was
applied again, and the result was 16/16x100 = 100. The post operative computed
tomography was taken (Figure 3D-F).

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.
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Discussion

There are 10 types of face according to Poch’s classification, with the masseter
muscle representing a relevant structure in facial aesthetics. For that reason,
masseter hypertrophy leads to an unsightly shape, the so-called square face
(Andreishchev et al., 2014; Bocchialini et al., 2017). Clinical evaluation is important
for diagnosis, as well as panoramic radiography and photographs, to determine the
amount of bone to be resected (Kim and Kameyama, 1992). Computed tomography
is an excellent tool for more information regarding anatomical structures, but it is
not ideal for defining the limits between the buccal and lingual bone wall, which can
be achieved via magnetic resonance imaging (MRI) (Kim and Kameyama, 1992).
Ultrasonography is able to meet the needs of MRI, being a cheap and quick exam to
be performed (Kim and Kameyama, 1992). In the present case, a clinical evaluation
was carried out, with photographic documentation, evaluation of panoramic
radiography, and computed tomography scan, which was used for three-dimensional
printing, impression of the stereolithographic model, and preparation of surgical
guides.

The use of imaging mainly helps to exclude pathologies directing the treatment
(Pereira et al., 2006; Rispoli et al., 2008; Ozkan et al., 2012; Simio et al., 2014;
Ayhan et al., 2018). The panoramic view shows the main contraindication for a
surgical procedure, which would be the inferior position of the mandibular canal
(Andreishchev et al., 2014). Thus, after clinical and imaging evaluation, it was found
that, in the present case, the patient did not present bone pathologies, besides that
he presented excessive bone structure in the mandibular angles, allowing the surgical
procedure. Furthermore, the literature states that, to achieve an ideal aesthetic
outcome, partial resection of the masseter muscle and the mandibular angle provides
ideal aesthetic results (Ayhan et al., 2018). Thus, as the patient’s main complaint
was aesthetics, and botulinum toxin A infiltration requires periodic procedures, the
patient opted for a definitive treatment.

Given that there is no consensus as to the ideal option for the treatment of
MH, the patient’s expectations must be considered, in addition to the clinical and
imaging assessment (Oliveira et al., 2004; Pary and Pary, 2011; Ayhan et al., 2018).
The indication for the use of botulinum toxin as an exclusive treatment involves
conditions in which the masseter muscle is well developed, but without bone
protrusion, or when there is a large amount of adipose tissue around the chin or
zygomatic region (Kim et al., 2005). After complete evaluation, excess bone tissue
was observed in the region of the mandibular angle bilaterally, not resulting in the
exclusive indication of infiltrating botulinum toxin into the muscle. Another point
considered in the choice of treatment was the patient’s socioeconomic issue, given
that the application of botulinum toxin is necessary at intervals of 6 months, resulting
in a high cost for the patient’s financial situation.

The number of alternatives for surgical treatment is wide, and the option of
resection of the mandibular angle and the lower portion of the masseter with
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intraoral access is widespread (Tabrizi et al., 2010; Pary and Pary, 2011; Ayhan et

al., 2018). Nevertheless, muscle traction makes visualization for the surgeon, limited
access to perform a resection of the ideal amount of the mandibular angle. In such

a case, extraoral access would be a more advisable procedure, despite the risk of
scarring and nerve injury (Pereira et al., 2006; Pary and Pary, 2011; Ayhan et al,,
2018). Other side effects of surgical management would be hemorrhage, hematoma,
asymmetric resection (Kim et al., 2005; Xu and Yu, 2013), infection, limitation of
mouth opening, and sequelae from general anesthesia (Ozkan et al., 2012; Xu and Yu,
2013). Thus, an important step in the resection of the mandibular angle by extraoral
access is the correct and symmetrical design of the reference lines for access, as it can
guarantee postoperative symmetry (Andreishchev et al., 2014; Ayhan et al., 2018). In
the present case, extraoral access was chosen, with demarcations made along Langer’s
lines, and no trans- or postoperative hemorrhage was observed. The function of

the facial expression muscles was maintained, as shown in Figure 1D-G, and facial
symmetry was clinically observed (Figure 1D—G). Furthermore, the surgeon’s
experience is essential for the performance of the surgical procedure (Rispoli et al.,
2008; Xu and Yu, 2013), and part of the success of the present case can be attributed
to the 20 years of experience of the oral and maxillofacial surgeon who performed
the procedure.

Many techniques have been used for the resection of the mandibular angle (Oliveira
et al., 2004; Pereira et al., 2006; Andreishchev et al., 2014). It is suggested that
osteotomy should be performed with a saw (Andreishchev et al., 2014). In some
cases, the use of surgical burrs decreases the precision of the cut due to its lower
stability, causing damage to the surrounding soft tissues and leading to an increased
chance of bleeding in the trans- and postsurgical period (Andreishchev et al., 2014).
Resection of the lingual bone plate from the mandibular angle gives a more delicate
result during masticatory movements (Andreishchev et al., 2014). The surgical guide
is predictable to the treatment and make the osteotomy as symmetrical as possible
in cases of bilateral masseter hypertrophy. It is manufactured through 3D biomodels
obtained from computed tomography scan which may have titanium or acrylic resin
as its material (Bocchialini et al., 2017; Trento et al., 2017). The use of this artifice
is valuable, considering that the main complaint of patients in masseter hypertrophy
involves facial aesthetics, as in the present case. The guide material used in the report
was acrylic resin, aiming to reduce cost to the patient, maintaining the treatment.

Satisfactory aesthetic results require additional surgical procedures such as the
resection of the buccal fat pad to emphasize the narrowing of the lower third of
the face, as its location contributes to the contour of the lower third of the face
(Oliveira et al., 2004; Xu and Yu, 2013; Andreishchev et al., 2014). In this case the
most conservative treatment possible was chosen, and thus, the buccal fat pad was
maintained.

After osteotomy, muscle volume decreases with time, due to the decrease in muscle
tone (Kim et al., 2005; Pary and Pary, 2011). The masseter volume can be estimated
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by the muscle thickness in several CT slices (Yu et al., 2007; Andreishchev et al.,
2014; Almukhtar and Fabi, 2019). The literature shows that this measurement was
performed in patients who received botulinum toxin application (Almukhtar and
Fabi, 2019). Despite being an exam indicated for the evaluation, we did not find
articles that compared the volume of the masseter muscle in a quantitative way.
Thus, it is suggested that studies be carried out to develop protocols for measuring
muscle volume and to offer an even more thorough assessment for cases of
masseter muscle hypertrophy.

The masseter muscle plays a key role in aesthetics and facial shape (Xu and Yu,
2013), and the shape of the face can influence judgments, made in a brief time of
personal contact, influencing attitudes and quality of life (Yu et al., 2014; Todorov et
al., 2015). Physical characteristics are part of what the human being observes in the
other person to form and maintain their social relationships (Yu et al., 2014; Todorov
et al., 2015). The literature shows that facial features can influence the interpretation
and reaction that people have towards someone, as well as influencing decisions and
social behavior (May, 1996; Yu et al., 2014; Todorov et al., 2015). A crucial point is
the confidence that facial expression can convey (May, 1996; Yu et al., 2014; Todorov
et al., 2015), which may even influence necessary characteristics at work, such as
leadership skills or how competent an employee is (Yu et al., 2014). When a patient
is bullied for their appearance, they may show nervous and angry expressions,
which, in particular, negatively influences social relationships (May, 1996). It is already
demonstrated in the literature that feedback from the environment influences the
success of an individual’s actions, and research has deepened the studies in relation
to this topic (Hajcak et al., 2006), as well as in relation to facial expression and how
it influences the trust of social interactions (Yu et al., 2014; Todorov et al., 2015).
Therefore, with the awareness of the patient’s initial complaint of being a victim of
bullying in his job, the fact of a positive result in the treatment, with an adequate
aesthetic appearance, directed the patient to the normal return of his daily activities,
which we can consider a success in the treatment.

There is no specific questionnaire for surgical treatment in MH, so the choice of
the Facelift Outcome Evaluation questionnaire was based on the fact that, according
to the literature, it has already been tested in relation to its validity, reliability, and
response capacity, being a reliable quantitative tool for measuring results (Furlani,
2015). This questionnaire was translated from English into Portuguese and adapted
by Furlani (2015) for the evaluation of rhytidoplasty, its application taking about
1 minute. Because it is a questionnaire aimed at facial aesthetics in general, small
adaptations were necessary to make it viable for its application with MH patients.
Two questions were excluded, as they referred solely to wrinkles, and the formula
required a few adjustments. We observed that the response evolved from 12.5 in
the preoperative period to 100 in the postoperative period, which is the maximum
satisfaction value. This demonstrates the positive result of the procedure. There are
other questionnaires aimed at assessing facial aesthetics, including more complete
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ones, such as the Face-Q (Furlani, 2015), but the only complaint of the patient was
in relation to the lower third of the face, which led us to apply the FOE. We suggest,
however, that a questionnaire be developed exclusively for application to masseter
hypertrophy.

Conclusion

Finally, it is important to consider the patient opinion when performing aesthetic
procedures. The application of the adapted Facelift Outcome Evaluation
questionnaire subjectively showed the positive result of the treatment. We suggest
that a questionnaire applied exclusively to masseter hypertrophy should be
developed, in addition to studies to develop muscle volume measurement protocols,
for a more specific evaluation of the surgical result.
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