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Abstract

Introduction: Due to widespread incidence and prevalence, human immuno-
deficiency virus (HIV), hepatitis B (HBV) and C (HCV), syphilis and malaria
are the most common viral infections transmitted via blood transfusions. Yet
there is insufficient information available about the exact prevalence of these
infections among blood donors in Pakistan. The objectives of current study
are to highlight the importance of blood screening among blood donors by
finding the prevalence of high-risk transmissible diseases such as hepatitis B,
hepatitis C, HIV, syphilis and malaria in the population of Nawabshah
(Sindh) and to compare it with other provinces. Methods: A descriptive type
of cross-sectional study was conducted on 37,845 blood donor volunteers at
the blood bank of a tertiary care hospital, Peoples University of Medical and
Health Sciences Hospital, in Nawabshah Sindh from 1* January 2018 to 31%
December 2018. The data was taken from the well-maintained yearly record
of the hospital blood bank. Analysis of all the data regarding blood donors
was done using Statistical Program of Special Sciences (SPSS) version 20. Re-
sults: The most common age group was between 18 - 40 years. Donors were
predominantly male (90%). HBV is the most prevalent disease amongst the
blood donors of Peoples Medical College with a prevalence of 6.52% while
HIV, HCV and malaria were 6.33%, 5.83% and 1.24% respectively whereas
Syphilis is the least prevalent disease with a prevalence of 1.11%. Comparing
with other provinces, the highest prevalence of hepatitis B was seen in
Peoples Medical College, Nawabshah, Sindh whereas for hepatitis C it was the
highest in Isra University Hospital, Hyderabad, Sindh. Moreover, Hayatabad
Medical Complex in Peshawar was the least burdened with Hepatitis B
(1.46%) and C (1.34%). Conclusion: Accidental diagnosis of blood-borne in-
fections including Hepatitis B, C, HIV, Syphilis and malaria highlights im-
portance of blood screening among the blood donors. There is a need of pub-
lic education regarding infection prevention and transmission.
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1. Introduction

A vital part of every health care system (Primary, Secondary and tertiary) is
blood donation. Blood donation is an indispensable measure for all patients who
require transfusion of blood during the disease stage or in emergency situations.
Any person who is willing for donating blood without any urge of demand or
anything in return is known as a voluntary blood donor. It is a social duty and a
great contribution towards community and humanity as it guarantees a con-
tinuous supply of blood even if it is as a replacement donor. However, concerned
administrative authorities are involved directly in the provision of safe blood
supply to control the diseases transmitted by blood transfusion. Due to wide-
spread incidence and prevalence, human immunodeficiency virus (HIV), hepa-
titis B (HBV) and C (HCV), syphilis and malaria are the most common viral in-
fections transmitted via blood transfusions.

HIV is a virus that leads to many diseases related to immune system; acquired
immunodeficiency syndrome (AIDS) has life threatening repercussions. HBV
and HCV are amongst the top precipitating factors of liver cirrhosis, carcinoma
and end stage liver disease. As stated by the World Health Organization (WHO)
about 350 million people have long-standing HBV infection, about 170 million
people have persistent HCV infection and 36.9 million people suffer from HIV
worldwide [1] [2] [3]. Annually, 663,000, 399,000 and 940,000 deaths occur as a
consequence of hepatitis B, hepatitis C and HIV respectively [4].

Pakistan has one of the world’s highest fertility rates, with more than four
children per woman. On account of its large and ever-increasing population in
addition to high rates of infection, Pakistan is significantly burdened with these
diseases [1] [2]. Yet there is insufficient information available about the exact
prevalence of hepatitis B, hepatitis C, HIV, malaria and syphillus among blood
donors in Pakistan. The objectives of current study are to highlight the impor-
tance of blood screening among blood donors by finding the prevalence of
high-risk transmissible diseases such as hepatitis B, hepatitis C, HIV, syphilis
and malaria in the population of Nawabshah (Sindh) and to compare it with

other provinces.

2. Methods

A descriptive type of cross-sectional study was conducted on 37,845 blood donor
volunteers at the blood bank of a tertiary care hospital, Peoples University of
Medical and Health Sciences Hospital, in Nawabshah Sindh. The blood donor’s
data regarding demographic variables and screening test for HBV, HCV, HIV,
syphilis and malaria was collected from 1* January 2018 to 31% December 2018.

DOI: 10.4236/ijcm.2019.1010039
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The data was taken from the well-maintained yearly record of the hospital blood
bank. As per SOPs of hospital all the blood donors were healthy on the record of
history and physical examination, for blood donation. Study got approval from
the Ethical review committee of Peoples University of Medical and Health
Sciences.

Analysis of all the data regarding blood donors was done using Statistical
Program of Special Sciences (SPSS) version 20. Frequencies and percentages
were used to present the qualitative data. The prevalence of all the screened dis-
eases among donors was calculated while the prevalence of hepatitis B and C was

compared with other studies done in different cities of Pakistan.

3. Results

A prospective study was carried out in Peoples Medical College Hospital, Na-
wabshah from January 2018 to December2018.The total donors were 37,845.
Their age was between 18 - 40 years. Donors were predominantly male (90%).
HBYV is the most prevalent disease amongst the blood donors of Peoples Medical
College with a prevalence of 6.52% whereas Syphilis is the least prevalent disease
with a prevalence of 1.11% as mentioned in Table 1.

Highest prevalence of Hepatitis B (6.52%) was seen in Peoples Medical Col-
lege, Nawabshah, Sindh whereas for Hepatitis C it was highest in Isra University
Hospital, Hyderabad, Sindh. Moreover, Hayatabad Medical Complex in Pesha-
war was the least burdened with Hepatitis B (1.46%) and C (1.34%) as men-
tioned in Table 2.

4. Discussion

In this study, we compared seroprevalence of HBV and HCV in healthy blood
donors of People’s Medical College, Nawabshah, Sindh with the different hospit-
als from different provinces. Hepatitis and HIV, similar to other blood borne
illnesses, are transmitted sporadically-microepidemics. To curb the transmission
of HBV and HCV we must identify the causes of these microepidemics. [18] [19]
The variation in seroprevalence amidst comparable regions or populations can
be a consequence of methodological differences in sampling strategies.

As reported earlier, Nawabshah appears to be plagued by Hepatitis B to the
greatest extent that is 6.52%. If we compare this data with that of Western

Table 1. Prevalence of different diseases for which blood was screened.

Prevalence (%) n = 37,845
HIV 6.33 2389
HBV 6.52 2466
HCV 5.83 2208
Syphilis 111 421
Malaria 1.24 471
DOI: 10.4236/ijcm.2019.1010039 465 International Journal of Clinical Medicine
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Table 2. Prevalence of Hepatitis B and C among blood donors reported in the last few years in different cities of Pakistan.

Province City
Karachi [5]
Karachi [6]
Sindh
Hyderabad [7]
Nawabshah (Current Study)
Rawalpindi [8]
Rawalpindi [9]
Rawalpindi [10]
Lahore [11]
Punjab
Lahore [12]
Lahore [13]
Bahawalpur [14]
Islamabad [15]
Balochistan

Quetta [16]

KPK Peshawar [17]

Place of Research Time of study  HBsAg (%) Anti-HCV (%)
Bagai Medical University 2007 4.5 4.36
Baqai Medical University, PNS Shifa 2008 1.71 2.06
Isra University Hospital 2006 3.65 8.68
Peoples Medical College 2018 6.52 5.83
AFIT 2002 3.3 4.0
Islamic International College 2002 5.86 6.21
Fauji Foundation Hospital 2006 2.45 2.52
Shaikh Zayed Postgraduate Medical Institute 2005 3.36 4.16
Ghurki Trust Teaching Hospital 2007 1.52 5.34
Nawaz Sharif Social Security Hospital 2009 1.70 7.69
Quaid-e-Azam Medical College 2006 2.69 2.52
Shifa International Hospital 2004 2.51 5.14
CMH 2003 - 1.87
Hayatabad Medical Complex 2004 1.46 1.34

Europe and United States of America, we can conclude that the burden of HBV
infection is lower there (0.1% - 0.5%) [20]. There are several reasons for this.
WHO reports that in Southeast Asia an average person receives nearly four in-
jections per year, mostly unnecessary [21]. Such injections play a crucial role in
the spread of HBV and HCV. Other causes include sexual transmission, reci-
pients of infected blood, occupational hazards to health workers and IV drug
abusers.

In Sindh, Nawabshah bears majority of the brunt of HBV and HCV infections
as opposed to Karachi. In Baqai Medical College, Karachi the prevalence of HBV
has dropped from 4.5% to 1.71% and that of HCV from 4.36% to 2.06% over a
period of one year (2007-2008). This difference could be because of increased
screening of blood, education of sex workers regarding condom use, better dis-
posal of contaminated needles, increased awareness about the risks of unneces-
sary injections. On the contrary, HBV and HCV infections have a prevalence of
1.46% and 1.34% respectively in KPK which is much less compared to other ci-
ties of Pakistan. In KPK, both military personnel and civilians made up the do-
nor population. Life style of those in armed forces and civilians is poles apart;
closed community living, barracks, almost uniform working environment and
same health facilities. The disparity observed between their seroprevalence rate
can be possibly attributed to these reasons [22].

In Pakistan, the seroprevalence of HBV and HCV is high amongst healthy
donors of blood. Hence, infected people need to be identified to prevent further
transmission and complications. Multiple researchers have identified a few key

elements of utmost importance in aiding spread of HBV and HCV; unscreened
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blood transfusion, reuse of unsterilized syringes and medical equipment. That
being the case, proper disposal of contaminated needles, condom use, apt
screening of blood before donation as well as transfusion and vaccination against
Hepatitis B should be encouraged. Looking over the other screened infections
including HIV, Syphilis and malaria, none of the study has yet reported their
prevalence among blood donors in Pakistan. Limitation of the current study is

that data should be collected on large scale.

5. Conclusion

Accidental diagnosis of blood-borne infections including Hepatitis B, C, HIV,
Syphilis and malaria highlights the importance of blood screening among the
blood donors. There is a need for public education regarding infection preven-

tion and transmission.
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Abstract

The purpose of this study was to determine the specific muscles that may
contribute to sprint performance. Eleven female 100-m sprinters and nine
non-sprinters volunteered. Thigh muscle volume (MV) was measured us-
ing magnetic resonance imaging (MRI) images obtained from the spina
iliaca anterior-superior to below the distal end of the femur. The MV of
the adductors, quadriceps and hamstrings was calculated. Evidence for the
null/alternative hypothesis was provided thorough the calculation of Bayes
Factors (BF)o). Differences represented as median & (95% credible inter-
val). Absolute MVs in the quadriceps [1.287 (0.315, 2.39), BF,: 14.3],
hamstrings [3.032 (1.886, 4.482), BF,: 9487.4] and adductors [3.22 (1.994,
4.654), BF,o: 23,360.2] were greater in sprinters than in non-sprinters. This
was also observed when MV was normalized to body mass (cm’/kg). Ab-
solute and relative MVs in the adductor longus, the adductor brevis, the
adductor magnus, pectineus, and gracilis were also greater in the sprin-
ters. However, percentage of component adductor relative to total adduc-
tors MV appeared similar between the two groups. There was no evidence
for a correlation between sprint time and quadriceps, hamstrings and ad-
ductors MV relative to body mass. Within the adductors, there was evi-
dence for a correlation between sprint time and adductor brevis MV rela-
tive to body mass [r = —0.652, BF;,: 3.028, ¢ —0.548 (-0.870, 0.040)]. Al-
though the credible interval was wide, our results suggest that the adductor
brevis may contribute to sprint running performance in female sprinters.

This may be related, in part, to supporting the flexion and medial rotation
of the thigh.

DOI: 10.4236/ijcm.2019.1010040 Oct. 14, 2019 469

International Journal of Clinical Medicine


https://www.scirp.org/journal/ijcm
https://doi.org/10.4236/ijcm.2019.1010040
https://www.scirp.org/
https://doi.org/10.4236/ijcm.2019.1010040
http://creativecommons.org/licenses/by/4.0/

T. Yasuda et al.

Keywords

Body Composition, Female Athletes, Magnetic Resonance Imaging, Muscle
Mass, 100-m Dash

1. Introduction

Magnetic resonance imaging (MRI) of the lower extremities and trunk muscles
in sprinters has been studied by several researchers [1] [2] [3] [4] in an effort to
examine the specific muscles that contribute to sprint running performance (Ze.
best 30 - 100 m dash time or maximal running speed). For instance, Hoshikawa
et al. [2] reported that a larger muscle cross-sectional area (CSA) of the psoas
major relative to quadriceps muscle CSA was correlated with a season-best 100
m time in 22 junior male and 22 junior female sprinters. Similarly, Copaver et al.
[1] observed a correlation between sprint performance (50 m and 120 m dash
times) and psoas major muscle CSA as well as hip flexion power in 10 Afro Ca-
ribbean athletes including soccer, tennis, track and field, and combat sports. Re-
cently, a study by Sugisaki et al [4] reported correlations between the season
best 100 m time and absolute muscle volume of the psoas major, gluteus max-
imus, gluteus medius plus minimus, and hamstrings, while other muscles in-
clude adductors which did not correlate to the performance in 31 Japanese male
sprinters. These findings suggest that the psoas major and gluteus maximus,
which act as flexion or extension of the thigh, may be specific muscles that con-
tribute to sprint running performance.

The adductors consist of three major muscles namely the adductor longus,
adductor brevis, and adductor magnus with the primary function known as a
hip adduction and a medially/laterally rotation of the thigh [5]. During sprint
running, however, these muscles perform different functions at different mo-
ments of the action. For example, the adductor longus located in anteromedial
thigh acts to flex the hip just after toe-off and remains active during the fol-
low-through and early forward swing [6], while the adductor magnus located in
posteromedial thigh acts to extend the hip from the flexed position during
backward swing [7]. From the studies of electromyography [6] [7], the functions
of the adductors may be not only hip adduction and lateral rotation of the thigh
but also contributes to hip extension and flexion during sprint running. Howev-
er, it is unknown how each individual adductor correlates with sprint perfor-
mance in sprinters. Thus, the purpose of this study was to determine how mus-
cle volume differed between sprinters and non-sprinters and determine the rela-
tionship between individual adductor muscles and sprint performance. If a cor-
relation does exist, this might suggest an important role of that particular muscle
during sprinting and may offer a target of emphasis for future researchers and

practitioners.
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2. Methods

Eleven female competitive 100-m sprinters (competing at least at national level)
and nine age-matched college students (non-sprinters) were recruited for the
study. The body composition of the sprinters and non-sprinters are indicated in
Table 1. The best official time (100 m) was used for evaluating sprint perfor-
mance. The sprinters contain five elite sprinters who participated in the World
Championships and/or Asian Games and the other six sprinters were members
of the university’s track and field team. All sprinters were involved in regular
sprint training at least five times a week and resistance training two times per
week. The non-sprinters were healthy university students and were physically
active performing aerobic-type exercise (Ze. jogging and swimming) regularly 2 -
3 times a week (approximately 30 min each session), but none of the participants
had participated in regular strength/resistance training for a minimum of 3 years
prior to the start of the study. The study was conducted according to the Decla-
ration of Helsinki and was approved by the university’s Ethics Committee for
Human Experiments. Written informed consent was obtained from all the par-
ticipants.

Subcutaneous fat thickness was measured using ultrasound as described pre-

viously [8]. Body density was estimated from subcutaneous fat thickness using

Table 1. Body composition, thigh muscle volume and 100 m sprint performance in
sprinters and non-sprinters.

Non-Sprinter Sprinter Meflianld BF1o
(95% credible interval)

Age, years 21.1(2.2) 22.5(3.8) —0.259 (-1.068, 0.463) 0.516

Standing height, m 1.58 (0.05) 1.63 (0.05) —0.667 (—1.598, 0.146) 1.599

Body mass, kg 52.0 (6.4) 53.5(3.7) —-0.175 (-0.971, 0.525) 0.456

Body mass index, kg/m? 21.0 (3.1) 20.2 (1.1) 0.221 (-0.467, 1.005) 0.492
Body fat, % 22.6 (4.4) 12.5 (0.7) 3.081 (1.810, 4.502) 15,739.5

Fat-free mass, kg 40.2 (5.2) 46.8 (3.3) —1.255 (-2.313, -0.300) 13.2

Muscle volume, cm?®

Quadriceps 1082 (237) 1418 (193) —1.287 (-2.390, —0.315) 14.3
Hamstrings 381 (94) 648 (73) —3.032 (—4.482, —1.886) 9487.4
Adductors 567 (115) 907 (82) —3.22 (-4.654, —1.994) 23,360.2

Muscle volume relative
to body mass, cm*/kg

Quadriceps 20.7 (2.9) 26.4 (2.1) —2.040 (-3.280, —0.957) 274.7

Hamstrings 7.2(1.2) 121 (1.0)  —4.350 (=6.014, —3.129) 1.030e+06

Adductors 10.8 (1.2) 16.9 (0.8) —5.312 (=7.254, —4.192) 4.890e+07
100m sprint time, s 12.04 (0.5) - -

BFio: Bayes Factor > 3 is suggestive of evidence for the alternative hypothesis whereas a Bayes factor of
<0.33 is suggestive of evidence for the null hypothesis.
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an ultrasound-derived prediction equation [9]. Percent body fat was calculated
from body density using Brozek and colleague’s equation [10]. Fat-free mass was
estimated as total body mass minus fat mass. Body mass and standing height
were measured to the nearest 0.1 kg and 0.1 cm, respectively, by using an elec-
tronic weight scale and a height scale. Body mass index was calculated as body
mass/standing height squared (kg/m?).

Series cross-sectional images of the thigh were obtained by magnetic reson-
ance imaging (MRI) scans with a body coil (Signa 1.5T, GE, Milwaukee, Wis-
consin, USA) as described previously [11] [12]. Briefly, the subjects lay supine in
the body coil with the hip and knee being the full extension. Transverse scans
were carried out every 10-mm from the spina iliaca anterior-superior to 10-cm
below the distal end of the femur. Spin-echo, axial-plane imaging of the
right-thigh was performed with 1500-ms repetition time, 16.7-ms effective
echo time, 1 excitation, 384 x 256 matrix, 25-cm field of view, 10-mm slice
thickness and 0-mm interslice gap. For each axial scan, muscle CSA computa-
tion was carried out on the quadriceps, hamstrings, and adductors (Z.e. adduc-
tor longus, adductor brevis, adductor magnus, pectineus, and gracilis). From
each cross-sectional image, outlines of each muscle were traced, and digitized by
using a personal computer, and the muscle CSA was calculated. By summing the
total CSA of the muscle along thigh length and then multiplying the sum by the
interval of 10-mm, absolute muscle volume was determined. The estimated coef-
ficient of variation of this MV measurement from test-retest (n = 5) was 2% [11].

A Bayesian independent samples t-test was used to determine if there were
group differences in body composition and absolute and relative muscle volume
of each thigh muscle with a default prior of 0.707. A Bayes factor (BF,o) of =3
and <0.33 was considered evidence for the alternative and null hypotheses, re-
spectively. For the female sprinters, we performed a correlation between sprint
time and muscle volume relative to body mass using a default stretched beta
prior width of 1. All Bayes factors were calculated using JASP version 0.9.0.1.
Data is presented as mean (standard deviation) unless otherwise stated.

3. Results

There were no differences in age, height, body mass and body mass index be-
tween sprinters and controls. However, sprinters had lower percent fat and
higher fat-free mass compared to non-sprinters (Table 1). Absolute muscle vo-
lumes and muscle volume relative to body mass in the quadriceps, hamstrings
and adductors were greater in sprinters than in non-sprinters (Table 1). Similar
results were observed in absolute and relative muscle volume in the adductor
longus, the adductor brevis, the adductor magnus, pectineus, and gracilis be-
tween sprinters and non-sprinters. However, the percentage of each individual
muscle to the adductor muscle volume appeared similar between the two groups
(Table 2).

In sprinters, percent body fat did not correlate with 100 m sprint time. There

was no evidence for a correlation between sprint time and quadriceps muscle
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Table 2. Absolute and relative muscle volume of individual adductor muscles.

Non-Sorint Sorint Median & BE
on-Sprinter rinter
P P (95% credible interval) b

Muscle volume (cm?)

Adductor longus 88 (25) 144 (24)  —2.057 (=3.241, —0.590) 297.9
Adductor brevis 69 (16) 113 (21)  —2.041 (=3.271, —0.873) 2745
Adductor magnus 332 (59) 524 (52) —3.223, (—4.687, —2.00) 25,056.4
Pectineus 28 (6.7) 39(7) —-1.292 (-2.390, —0.337) 14.8
Gracilis 51 (23) 87 (11) -1.775 (-2.923, -0.712) 91.2

Muscle volume relative to body mass, cm’/kg

Adductor longus 1.67 (0.34)  2.68(0.34)  —2.744 (—4.063, —1.540) 4147.9
Adductor brevis 1.31(0.22)  2.10(0.31)  —2.604 (~3.925, —1.053) 2526.5
Adductor magnus 6.37(0.72)  9.81(0.84) —4.066 (-5.797, —2.710)  466,876.1
Pectineus 0.54 (0.10)  0.73(0.12)  —1.411 (-2.485, —0.421) 23.4
Gracilis 0.95(0.31)  1.62(0.17)  —2.484 (-3.893, —1.396) 1442.0

Percentage of total adductors muscle volume, %

Adductor longus 153 (2.4) 159 (2.2)  —0.144 (=0.920, 0.567) 0.439
Adductor brevis 12.1 (1.3) 124 (1.7)  —0.108 (—0.870, 0.604) 0.420
Adductor magnus 58.9 (4.0) 57.9 (3.4) 0.174 (-0.523, 0.963) 0.453
Pectineus 4.9 (0.9) 4.3(0.7) 0.566 (—0.200, 1.494) 1.167
Gracilis 8.7 (2.3) 9.5(0.9) —-0.333 (-1.161, 0.365) 0.614

BFio: Bayes Factor > 3 is suggestive of evidence for the alternative hypothesis whereas a Bayes factor of
<0.33 is suggestive of evidence for the null hypothesis.

volume relative to body mass [r = —0.186, BFy,: 0.423, median & (95% credible
interval) —0.145 (-0.640, 0.409)], hamstring muscle volume relative to body
mass [r = —0.416, BF,: 0.765, median J (95% credible interval) -0.332 (—0.760,
0.223)], or adductor muscle volume relative to body mass [r = —0.447, BF:
0.866, median J (95% credible interval) —0.358 (—0.775, 0.194)]. Within the ad-
ductors, there was no evidence for a correlation between sprint time and adduc-
tor longus muscle volume relative to body mass [r = 0.162, BF,: 0.409, median &
(95% credible interval) 0.126 (—0.426, 0.627)] or adductor magnus muscle vo-
lume relative to body mass [r = —0.259, BF,: 0.482, median J (95% credible in-
terval) —0.203 (-0.680, 0.355)]. However, there was evidence for a correlation
between sprint time and adductor brevis muscle volume relative to body mass [r
= —0.652, BF: 3.028, median d (95% credible interval) —0.548 (—0.870, 0.040)].

4. Discussion

The main findings of the current study were that 1) adductors muscle volume
was approximately 60% greater in female 100 m sprinters compared to age- and

height-matched non-sprinters; 2) the percentage of each individual adductor
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muscle relative to the total adductor muscle volume appeared similar between
the two groups; and 3) there was a significant correlation between adductor
brevis muscle volume relative to body mass and 100 m sprint time in female
sprinters. Of note, the total adductor muscle volume as well as other individual
muscles within the adductors did not correlate with sprint performance.

There are few studies investigating the individual muscles making up the total
thigh volume as measured by MRI in athletes. In the present study, total adduc-
tor muscle volume of female sprinters was 907 cm?® on average. This absolute
muscle volume of the adductors was similar as the value of physically active
young students (913 cm?) reported by Ogawa et al. [13] Recently, Sugisaki et al.
[4] reported MRI-measured muscle volume of the adductor splus gracilisin male
100 m sprinters (1278 cm?). The difference in adductors muscle volume between
male and female sprinters was approximately 370 cm’, while the difference in the
quadriceps muscle volume was approximately 800 cm® (2210 cm’ in male sprin-
ters and 1418 cm? in female sprinters). Calculated percentage of adductors rela-
tive to total thigh muscle volume was relatively higher in our female sprinters
(31%) compared to male sprinters (28%). However, the percentage value of our
female non-sprinters was 28%. The significance of this potential sex difference is
not known and future research is needed to better understand how the adduc-
tors might change with sprint training.

In the present study, we found that adductor brevis muscle volume relative to
body mass was correlated with 100 m sprint time. Our data suggests that we are
95% confident that the true effect lies between an r value of —0.87 and an r value
of 0.040. Although the credible interval was wide, this particular muscle may
suggest a target of investigation in future studies. This is the first study to inves-
tigate the correlation between the muscle volume of each individual muscle
within the adductors and sprint performance in sprinters. Previous studies re-
ported that there were no correlations between total adductors muscle volume or
adductor muscle CSA relative to body mass and sprint performance [3] [4]. In
line with the previous studies, our results also indicated no correlation between
total adductor muscle volume and 100 m sprint time in female sprinters. Pre-
viously reported electromyographic studies [6] [7] measured muscle activity
(fine wire electrodes system) of the lower body muscles. Although the adductor
longus and adductor magnus were examined during sprint running, the adduc-
tor brevis was not measured. This may be related, in part, to the difficulty of
measuring muscle activity in this muscle (location is inguinal area and relatively
deep). The adductor brevis muscle acts to adduct the thigh at the hip joint and
flex and medially rotate the thigh [5]. This muscle also contributes to flexion of
the thigh when the foot leaves the ground and begins to swing forward during
running [14]. It is known that the psoas major muscle is a muscle for the hip
flexion and that muscle volume/CSA of the psoas major is associated with sprint
performance [1] [2] [4]. The adductor brevis may support the flexion and me-
dially rotation of the thigh together with the psoas major, which may contribute

to sprint running performance in female 100 m sprinters.
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5. Conclusion

In conclusion, we found a correlation between adductor brevis muscle volume
relative to body mass and 100 m season best time, although there was no corre-
lation between total adductors muscle volume and sprint performance. These
results suggest that the adductor brevis may play a role in superior sprint per-

formance in female sprinters.
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Abstract

The presence of pathogenic mycoplasmas in various chronic illnesses and
their successful suppression using conventional and integrative medicine ap-
proaches are reviewed. Evidence gathered over the last three decades has
demonstrated the presence of pathogenic mycoplasma species in the blood,
body fluids and tissues from patients with a variety of chronic clinical condi-
tions: atypical pneumonia, asthma and other respiratory conditions; oral cav-
ity infections; urogenital conditions; neurodegenerative and neurobehavioral
diseases; autoimmune diseases; immunosuppressive diseases; inflammatory
diseases; and illnesses and syndromes of unknown origin, such as fatiguing
illnesses. Only recently have these small intracellular bacteria received atten-
tion as possible causative agents, cofactors or opportunistic infections or
co-infections in these and other conditions. Their clinical management is of-
ten inadequate, primarily because of missed diagnosis, under- and inadequate
treatment and the presence of persister or dormant microorganisms due to
biofilm, resistence and other mechanisms. Pathogenic Mycoplasma species
infections have been suppressed slowly by anti-microbial and integrative
treatments, resulting in gradual reductions in morbidity, but not in every pa-
tient. Even if mycoplasmas are not a cause or an initial trigger for many
chronic illnesses, they appear to play important roles in the inception, pro-
gression, morbidity and relapse of chronic illnesses in rather large patient
subsets. Ignoring such infections can result in failure to achieve eventual pa-
tient recovery, even with application of potentially curative treatments.

Keywords

Chronic Diseases, Infections, Antibiotics, Herbel Therapy, Immune
Enhancement, Membrane Lipid Replacement, Mycoplasma, Natural
Supplements, Integrative Medicine
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1. Introduction

Mycoplasmas belong to the class Mollicutes, and they are considered the smal-
lest free-living prokaryocytes capable of self-replication [1] [2]. There are more
than 200 bacterial microorganisms that belong to the genus of Mycoplasma, and
the more than two dozen pathogenic species found in humans are typified by: 1)
lack of an external cell wall; 2) obligate parasitic behavior; 3) intracellular
growth; and 4) the loss of many of their genes due to reductive evolution [2] [3]
[4]. Mycoplasmas are widely distributed in nature, where they are often found
attached to the external surfaces of cells or residing and replicating inside host
cells [1] [2].

It has been only fairly recently that mycoplasmas have been identified as im-
portant pathogens in humans, animals, plants and insects [1] [3] [5] [6]. There is
evidence in humans that pathogenic mycoplasmas are associated with certain
chronic diseases where they could function as causative agents, cofactors or op-
portunistic infections that cause patient morbidity [5] [6] [7]. For example, pa-
thogenic mycoplasmas in humans are often associated with respiratory infec-
tions, urogenital infections, fatiguing illnesses, autoimmune diseases, neurode-
generative and neurobehavioral diseases and complications affecting the central
nervous system, cardiac infections, oral infections, peridontal diseases, sexually
transmitted diseases and systemic infections found in various solid cancers and
leukemias and immunosuppressive diseases, such as HIV-AIDS [5] [6] [7].

Although various mycoplasmas are commonly found as commensals in the
oral cavity and at other superficial sites [3], certain pathogenic species appear to
cause morbidity when they penetrate into the blood and spread to and colonize
various tissues [2] [5] [6] [7]. For example, Mycoplasma hominis and Ureaplas-
ma urealyticum are common inhabitants of the human genital tract, but they can
play an etiologic role in pyelonephritis, pelvic inflammatory disease as well as in
post-abortion and post-partum fevers [3] [7] [8] [9] [10]. Furthermore, there are
reports of mycoplasmas causing serious acute infections, such as septicemia,
septic arthritis, neonatal meningitis and encephalitis [2] [6] [7] [11]. As an ex-
ample of their pathogenic potential in mammals, it was shown that M. fermen-
tans can cause severe neurological signs and symptoms after injection into the
cerebral fluid of rats [12] [13]. Although still a subject of intense discussion, sev-
eral pathogenic mycoplasma species have been proposed to be etiologic agents
or cofactors in various chronic diseases of man [1] [2] [3] [5] [6] [7]. This will be
discussed briefly in the next sections.

Mycoplasmas contain the smallest known self-replicating genomes, and they
have an unusually low G + C content (25% - 33%) [1] [4]. With their limited
genomes mycoplasmas have provided researchers with a simple model for the
identification of the minimal gene set required for the survival and growth of a
free-living bacterium [14] [15]. The small genomes of M. genitalium and M.
pneumoniae encode approximately 400 - 600 proteins, compared to about 4000

in E. coli [16]. Furthermore, mycoplasmas still maintain all of the essential genes
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for replication, transcription, and translation as well as the minimal number of
energy metabolism genes needed for their parasitic modes of life. They can do
this with a core number of slightly less than 400 essential genes [17].

Essentially all mycoplasmas live as parasites or commensals in various species
of animals and plants, where they are usually found attached to or inside host
cells [3] [4] [5]. Thus a significant number of mycoplasmal genes are devoted to
encoding cell adhesion and attachment structures as well as variable membrane
surface antigens to maintain parasitism and evade host immune and
non-immune surveillance systems [3] [4] [5]. The adherence of mycoplasmas to
specific tissue cell surfaces is a crucial step in the establishment of infections, and
pathogenic mycoplasmas possess specialized structures that permit targeted cell
attachment to specific host cells. For example, M. pneumoniae, which is com-
monly found in cases of atypical childhood pneumonia, requires a network of
interactive adhesion molecules and accessory proteins for its adherence to host
epithelial cells [4] [5]. The adhesion molecules must cluster at specific mycop-
lasma organelles in close association with cytoadherence-related accessory pro-
teins that appear to function together and comprise a primitive membrane adhe-
sion structure [4] [5] [18] [19].

Mycoplasmas can adapt quickly to their microenvironments. This adaptation
is an important element in mycoplasma pathogenicity, and it can be attributed
to their rapidly varying genomic structures and abilities to quickly change [3].
When mycoplasmas evolved and adapted to parasitic modes of life, their trans-
formation was likely made possible by devoting many of their genes to parasitic
functions. Thus the genetic evolutions of mycoplasmas have ensured rapid alte-
rations in cell membrane characteristics, such as membrane lipid phase varia-
tions and variable regulations of distinct membrane surface proteins involved in
cell colonization and host immune system avoidance. Some examples include
size and sequence variations in the structural domains of surface proteins, epi-
tope masking and demasking, and changes in protein surface presentations [20].

Mycoplasmas are known to variably express structurally heterogeneous cell
surface antigens and adhesion molecules. For example, variations in the genes en-
coding cell surface adherence molecules, such as the variable adherence-associated
(Vaa) antigen, reveal distinct patterns of mutations capable of generating mul-
tiple changes in mycoplasma cell surface antigen molecules and their antigenic
size and diversity [21]. In addition, mycoplasmas can scavenge host structures,
such as host glycans, for decoration of their own surface glycolipids to avoid de-
tection [22].

Variable surface antigenic structures and rapid changes in their expression are
thought to play important roles in the pathogenesis of mycoplasmal infections
by providing altered epitope structures for an escape from immune responses
and changes in adhesion structures. This can influence cell and tissue coloniza-
tion and penetration of mucosal barriers [21] [23].

Mycoplasmas have small and unique genomes that contain repetitive and

other elements, and this contributes to the variability in antigenic structures. For
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example, the genome of M. genitalium was recently sequenced and found to en-
code a number of identifiable membrane proteins as well as membrane glycolipo
proteins whose sequences do not resemble previously sequenced genes [24]. For
example, repeated fragments of a gene encoding a 140 kDa adhesion lipoprotein
(MgPa) have been found, and interestingly, this lipoprotein has been localized to
the tips of mycoplasma protrusions where it facilitates cell attachment and pe-
netration [25]. Repetitive sequence elements are also variably present that do not
appear to encode expressed proteins. However, recombination of these repetitive
elements with other genes may explain the appearance of polymorphisms within
the genes and their encoded surface proteins of different mycoplasma strains.
These repetitive elements, for example in the M. genitalium genome, may pro-
vide a reservoir of sequences that could contribute to the variability of antigenic

structures and adhesive properties found in pathogenic mycoplasmas [26].

2. Mycoplasmas and Host Response Systems

Pathogenic mycoplasmas can activate or suppress host response systems, and
they apparently use these and other strategies to evade host immune surveillance
[27]. For example, pathogenic mycoplasmas can act as immune cell suppres-
sors/activators and inhibit or stimulate the proliferation of various lymphocyte
subsets involved in memory, suppression and other activities. Pathogenic my-
coplasmas can also induce B-cell differentiation and trigger the secretion of
pro-inflammatory cytokines, including interleukin-14 (IL-1p), IL-2, IL-6, IL-8,
among others, tumor necrosis factor-a (TNFa), various interferons, and granu-
locyte macrophage-colony stimulating factor (GM-CSF) from cells. This also
occurs in vivo in patients with pathogenic mycoplasmal infections. In fact, the
release of inflammatory cytokines in vivo is predictive of refractory mycoplasmal
infections in children [28].

Mycoplasma-derived lipopeptides can directly stimulate host response cells,
such as macrophages. Such lipoproteins have been found to be highly effective at
immune stimulation similar to endotoxins derived from other bacteria [29]. Us-
ing nitric oxide release by macrophages as an indicator of immune stimulation a
M. fermentans-derived lipopeptide was identified as a potent activator of ma-
crophage function [30]. In addition, M. fermentans-derived lipoproteins can in-
terfere with the interferon gamma-dependent (IFN-)-dependent) expression of
MHC class II molecules on macrophages [31].

Pathogenic mycoplasmas are also able to secret soluble factors that can acti-
vate and stimulate proliferation or inhibit the growth and differentiation of im-
mune competent cells. For example, M. penetrans can induce significant proli-
ferative responses in peripheral blood mononuclear cells, and this was found to
be associated with the expression of surface markers of lymphocyte activation.
The activation was observed in lymphocytes (both CD4+ and CD8+ T lympho-
cytes) from healthy donors as well as from HIV-infected subjects at different
stages of disease progression [32]. Thus pathogenic mycoplasmas have evolved

with the ability to modulate and interfere with host responses.
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The secretion of immune-modulating substances stimulated by pathogenic
Mpycoplasma species is an important aspect of mycoplasma immune modulation
[27]. In the case of Mycoplasma fermentans a released lipoprotein can stimulate
the induction of monocyte cytokines and chemokines [33]. Another example is
spiralin, a well-characterized mycoplasma lipoprotein that can stimulate the in
vitro proliferation of human peripheral blood mononuclear cells and murine
splenocytes. This results in secretion of proinflammatory cytokines, such as
TNFa, IL-1 and IL-6. Spiralin can also induce the maturation of murine B-cells.
The spiralin-mediated activity appears to be similar to other immune-modulating
lipoproteins secreted by other pathogenic bacteria [34]. The stimulation of vari-
ous cytokines by pathogenic mycoplasmas is an important property that contri-
butes significantly to patient morbidity.

Pathogenic mycoplasmas can evade immune recognition and destruction by
undergoing rapid surface antigenic variations [7] [27]. Even with their slow
intracellular growth rates, by rapidly altering their cell surface antigenic struc-
tures as well as modulating host immune responses, pathogenic mycoplasmas
can evade host surveillance mechanisms [7] [27]. This helps explain the chronic
nature of mycoplasmal infections and the inability of hosts to completely sup-
press pathogenic mycoplasmal infections via host responses that are effective
against other more rapidly growing bacteria [27]. Slow-growing microorganisms
like mycoplasmas use these properties to change surface antigens and hide from
immune systems, a strategy that is quite unlike most rapidly growing bacteria
that attempt to use their rapid proliferation rates to outpace and overwhelm host
immune defenses.

Adaptations of pathogenic mycoplasmas to unique host microenvironments
are usually accompanied by rapid changes in cell surface adhesion receptors (for
cell binding and entry) as well as rapid structural protein changes in order to
mimic host antigenic structures (antigen “mimicry”). During chronic pathogenic
mycoplasma infections the size, antigenic diversity and expression of cell adhe-
sion antigens change. For example, the divergence of variable surface antigens
can affect the adherence properties of mycoplasmas and enhance their abilities
to evade foreign protein recognition by host immune systems, thus contributing
to their adaptive abilities and survival in their human hosts [27]. This is only one
example of the abilities of mycoplasma surface antigens to promote survival and

pathogenic properties [5] [7] [23] [27].

3. Mycoplasma Toxicity and Pathogenesis

As described briefly above, pathogenic mycoplasmas can induce host responses
that result in the release of inflammatory cytokines that cause host symptoms. In
addition, the severity of host symptoms during pathogenic mycoplasma infec-
tions parallels the elevated expression of inflammatory cytokines [21] [27].
Various virulence mechanisms have been implicated in the pathogenesis of
mycoplasmas (reviewed in [21] [35]). For example, intracellular mycoplasmas

compete for cellular nutrients and metabolites, and this can interfere with cellu-
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lar metabolism by depleting biosynthetic precursors and disrupting metabolic
and synthetic pathways. Mycoplasmas secrete some of their own enzymes, such
as lipases, proteases, nucleases and other enzymes, that can disrupt and interfere
with host substrates, structures, enzymes and metabolic cycles [5] [21]. Mycop-
lasmas also have the capacity to stimulate the generation of hydrogen peroxide
and superoxide radicals that damage host cellular membranes and other struc-
tures [36]. There are other possible ways that pathogenic mycoplasmas could be
involved in damaging host cellular structures and normal cellular processes,
such as direct membrane-membrane interactions found in cell adhesion, mem-
brane fusion, vacuolization, and release of toxins or cytopathic molecules, but
the actual molecular damage mechanisms of many of these interactions have
remained elusive [21] [35]. The goal of pathogenic mycoplasmas is to hide and
survive, not necessarily to kill their host, and they are very adept at achieving
these goals.

One property of pathogenic mycoplasmas that can be used to directly sup-
press host cell responses is the initiation of apoptosis or programmed cell death
of particular host cells, such as cells involved in host immune and non-immune
responses [35]. One of the hallmarks of this process is host cell DNA fragmenta-
tion. For example, M. penetrans can induce or enhance apoptosis of peripheral
mononuclear cells. The usual telltale sign of this is DNA fragmentation (typified
by DNA ladder formation seen after electrophoretic separation) catalyzed by
endogenous Ca**, Mg**-dependent endonucleases. In this example, an M. pene-
trans endonuclease (p40) was identified as a pathogenic mycoplasma determi-
nant [36].

Pathogenic mycoplasma-released nucleases may also be involved in secondary
necrosis, as seen in some advanced mycoplasmal infections [37]. This is indi-
cated by the occurrence of both morphological characteristics of apoptosis
(chromatin condensation) and necrosis (loss of membrane integrity with orga-
nelle swelling) [38]. In these examples, cell death was accompanied by oligonuc-
leosomal DNA fragmentation and loss of chromosomal DNA.

Cytokine-inducing activity is a general feature of most if not all pathogenic
mycoplasma species, but it appears that only some mycoplasma species can in-
duce cell death. In the case of M. fermentans infections the cell death-inducing
effects were not mediated by known mycoplasmal-induced cytokines, which are
typically mediated by lipid-associated molecules (lipoproteins). Also, they were
not accompanied by decreases in the mitochondrial trans-membrane potential
or inhibited by preincubation with the antioxidant drug N-acetylcysteine, events
typically found in TNFa-mediated apoptosis. Instead, a non-lipid-associated
protein (15 - 30 kDa) mediated the cytocidal effects [39].

Pathogenic mycoplasmas can cause cardiovascular and pulmonary manifesta-
tions that can result in extreme patient morbidity [35] [40]. There are several
examples of this in the literature, and they have been reported as vascular occlu-
sion due to thrombosis caused by stimulation of autoimmunity and the forma-

tion of vascular immune complexes. Vascular occlusion has been reported for
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heart, lung, kidney, brain and other organs in pathogenic mycoplasma infections
[38] [40].

In addition to stimulating cell and organ death, pathogenic mycoplasmas can
also release growth inhibitory molecules into their surroundings. For example,
the enzyme arginine deaminase is an example of a growth-inhibitory enzyme
derived from mycoplasmas that inhibits the growth of human T-cells and
T-lymphoblastoid cell lines. Arginine deaminase can suppresses IL-2 production
and receptor expression in T-cells stimulated by non-specific mitogens, while
also inducing the morphologic features of dying cells, including the type of DNA
fragmentation seen during apoptosis [41]. This enzyme has been followed in pa-
tients with community-acquired pneumonia as a possible marker for M. pneu-
moniae infections [42].

Pathogenic mycoplasmas can also release toxins that directly damage cells or ac-
tivate innate host response systems [40]. For example, Becker et al [43] have iso-
lated a Mycoplasma pneumoniae-released factor, called the community-acquired
respiratory distress syndrome toxin (CARDS), an ADP-ribosylating and vacuolat-
ing cytotoxin. This pathogenic mycoplasma toxin activates the NLRP3 inflamma-
some complex and causes subsequent release of IL-1 and hyper-inflammation
that can cause tissue damage and other pathologies. The mycoplasma toxin ap-
pears to cause pulmonary inflammation, cytokine release, and significant airway
dysfunction and may be responsible, in part, for respiratory failure and fatal

outcomes found in acute M. pneumoniae infections [44].

4. Mycoplasmal Infections in Various Acute and Chronic
Illnesses

Pathogenic mycoplasmal infections have been found in a variety of human dis-
eases and conditions [45] [46] [47]. First, pathogenic mycoplasmas have been
detected at higher incidence in blood and tissue specimens obtained from pa-
tients with various chronic illnesses compared to comparable healthy controls.
Since the possible involvement of mycoplasmas in the cause and pathogenesis of
chronic illnesses have not been firmly established, it remains uncertain whether
such mycoplasmas are causal agents, cofactors, or opportunistic infections or
co-infections in patients with various diagnoses [7] [11] [45] [46] [47]. As stated
above, various mycoplasmas can be found as normal flora in the genitourinary
tract, oral cavity, gut and other sites, but they are not thought to be pathogenic at
these superficial sites [7] [45] [46] [47].

The determining factor on whether mycoplasma infections are pathogenic in
various diseases and illnesses or simply bystanders could be the requirement that
pathogenic mycoplasmas must penetrate into the blood circulation and even-
tually enter into tissues and cells. This could explain the routine result of finding
pathogenic mycoplasmas in the genitourinary tract, oral cavity, gut and occa-
sionally in the blood of asymptomatic subjects. Unless mycoplasmas penetrate

into the blood circulation and eventually enter tissues and cells, it may be un-
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likely that they can exert their full pathogenic effects [6] [7] [45] [46] [47].

4.1. Laboratory Testing for Pathogenic Mycoplasmas

The clinical detection of Mycoplasma species has been achieved using in vitro
culture, serology or molecular detection of DNA or RNA (reviewed in [40]). Al-
though the first two approaches have been used extensively, they have many li-
mitations. For example, the slow and fastidious growth of most Mycoplasma
species precludes in vitro culture as a practical, reliable method of detection. Pa-
thogenic mycoplasmas generally require intracellular conditions for growth, and
this cannot be easily duplicated in culture. Serological testing is also difficult be-
cause of the possibility of suppression of immune responses and the sequestering
of pathogenic mycoplasma antigens inside cells and away from the immune sys-
tem. Thus more recent publications have used molecular techniques, such as
various methods of polymerase chain reaction (PCR) for detection of Mycop-
lasma species [40].

However, there are still some problems with many of these methods due to
specimen limitations, availability of clinical samples that contain pathogenic
mycoplasmas, rapid sample degradation, the presence of inhibitors or interfering
factors and other considerations. Some of the technical limitations have been
extensively discussed by Waites et al [40] and will not be further considered
here.

Non-amplified DNA hybridization methods have also been used successfully
in a few studies, for example for M. fermentans sequences [48]. In general, these
test formats suffer from the complex nature of the tests themselves, their relia-
bility and the requirement for sufficient numbers of microorganisms for a posi-
tive result.

In studies where both serology and PCR were used there were often differing
results, depending on the time of sampling, antibody type (IgM, IgG, IgA, etc.)
examined, PCR method used, and other factors [49]. New methods have been
developed using, for example, matrix-assisted laser desorption ionization-time
of flight mass spectrometry or other techniques, but these are time-consuming,
costly and have not been thoroughly evaluated [40]. Thus there remain some
questions on whether negative test results using currently and routinely available
diagnostic procedures are truly reliable indicators that mycoplasmal infections

are not involved.

4.2. Respiratory Infections

Pathogenic mycoplasmas have been routinely observed in community-acquired
respiratory infections, such as atypical pneumonia [40] [50]. Indeed, M. pneu-
moniae represents one of the more common and potentially dangerous etiologi-
cal agent found in interstitial pneumonia, and it is often associated with a
long-lasting tracheobronchitis in children and adults [50] [51]. Indeed, this in-
fection is often overlooked in adults, even though it is quite commonly found in
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certain communities, such as in the military [52] [53]. In addition to the recog-
nition of M. pneumoniae as a possible etiological agent in primary atypical
pneumonia, it is also found in other inflammatory and autoimmune diseases,
such as various forms of arthritis (to be discussed below).

Along with their ability to act as precipitators, cofactors or progression fac-
tors in severe respiratory diseases, pathogenic mycoplasmas have been found
to facilitate alterations in local respiratory immunity, such as activation or
suppression of pulmonary macrophages or T-cells. In addition, some mycop-
lasmas have the capacity to alter the structures and functions of host pulmo-
nary cells, such as activation and inflammation of lung epithelium and endo-
thelium, especially by secretion of cytokines, enzymes and other molecules
[49] [50] [51] [52].

The pathogeneticity of M. pneumoniae is thought to be based, at least initially,
on its adhesion to respiratory epithelial cells. Once attached to epithelial cells, its
unique gliding motility and the induction of pathological hyper-stimulation of
local host cellular response mechanisms appear to be important [19] [21] [35]
[40]. During the acute phase of either primary or secondary infections by M.
pneumoniae cytokines commonly associated with innate resistance and inflam-
mation are expressed [28]. Host responses involving pulmonary macrophages,
mast cells, neutrophils, natural killer cells, and T and B cells as well as humoral
antibody responses have been extensively studied in pathogenic mycoplasma
respiratory infections [27] [35] [40]. Thus the pathogenesis of M. pneumoniae
lung infections is known to be associated with host responses and elevated ex-
pression of certain proinflammatory cytokines. It is also associated with exten-
sive tissue damage and the expression of non-cytokine host factors [19] [21]
[40]. In some patients this can result in a fatal course of the infection with mul-
ti-system involvement [54]. Tissue and cell damage caused by pathogenic my-
coplasma-released enzymes and toxins were briefly discussed above, and several
additional mechanisms have been described [39]-[44] [50].

Pathogenic mycoplasmas like M. pneumoniae have the capacity to mimic
some of the structures of pulmonary host cells, and this could be important in
allowing colonization and escape from host pulmonary immune recognition. For
example, antigenic similarities between important functional adhesion molecules
of M. pneumoniae and various host cell surface molecules could be one of the
factors responsible for hindering host recognition and response mechanisms and
could determine host failure to protect against repeated mycoplasma pulmonary
colonizations [40] [50].

In addition to pneumonia, pathogenic mycoplasmas have for some time been
implicated in the pathogenesis of chronic asthma [35] [40] [50]. Indeed, allergic
sensitization and respiratory pathogens have been known for some time to be
important in the inception of asthma [55]. Waites et al have discussed the evi-
dence for pathogenic mycoplasma infections in chronic asthma and its exacerba-
tions [40].
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4.3. Oral Infections

Various pathogenic mycoplasmas have been implicated in a variety of clinically
important oral infections [6] [40]. Indeed, Mycoplasma species infections have
been implicated in diseases of the gingival crevices and respiratory tract, and
they have been found at high incidence in patients with gingivitis and periodon-
titis [56]. For example, mycoplasmas were cultured from almost all saliva and
plaque samples in children with gingivitis [57]. Although their pathogenesis in
oral diseases has not been well studied, various pathogenic mycoplasma species
are able to induce cytokine secretion by gingival fibroblasts. Although mycop-
lasmas have been isolated using throat swabs, sputum and tracheal secretions,
they are also routinely found in the oral cavities of normal hosts where they ap-
parently do not cause symptoms. Thus the rather common finding of mycop-
lasmas, even pathogenic mycoplasmas, in the oral cavities of non-symptomatic
subjects may simply reflect their superficial colonization of these sites. Unless
accompanied by other pathogenic microorganisms, or if tissue damage occurs
that allows entry of the mycoplasmas into surrounding tissues and blood circu-

lation, they may not routinely express their full pathogenic potentials [6] [7].

4.4. Airway Inflammation

Pathogenic mycoplasma respiratory tract infections can result in airway inflam-
mation and induction of bronchial hyper-responsiveness (BHR) [58]. The pro-
duction of M. pneumoniae-specific IgE and IgA may play an important role in
exacerbation of BHR and asthma. Elevated IgE antibodies specific to M. pneu-
moniae have been detected in the serum of children with M. pneumoniae
pneumonia, and in patients with preexisting asthma-BHR increased levels of M.
pneumoniae specific IgE and IgA occurred after infection (reviewed in [59]).
Mycoplasmal infections are also routinely involved in severe asthma-BHR at-
tacks in adults. For example, M. pneumoniae was isolatable in 24.7% of patients
with asthma but in only 5.7% of control subjects, suggesting that this pathogenic
mycoplasma plays a role in asthma attacks [60].

Although pathogenic mycoplasma infections are often associated with chronic
asthma, the exact role of mycoplasmas in the pathogenesis of asthma remains
unclear [59]. Mycoplasmas are likely only one of many agents that can trigger
BHR, and other co-infectious or chemical agents may contribute to a complex

disease process.

4.5. Urogenital Infections

Pathogenic mycoplasmas are commonly found in urogenital infections, such as
M. genitalium, M. fermentans, M. hominis, M. pneumoniae and Ureaplasma
urealyticum [61]. Importantly, M. hominis and U. urealyticum have been impli-
cated in a wide variety of urogenital diseases, such as pelvic inflammatory dis-
ease, infertility, non-gonococcal urethritis (NGU) and other genital infections.

Pathogenic mycoplasmas have been isolated from various tissues of patients,

DOI: 10.4236/ijcm.2019.1010041

486 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2019.1010041

G. L. Nicolson

such as urethra, fetal-placental tissue, cervix, endometrium, vagina, various
wounds, and from urine, blood, peritoneal fluid, and amniotic fluid. M. hominis
was one of the first mycoplasmas to be isolated from urogenital infections, and
this species has been strongly associated with bacterial vaginosis [62]. The se-
quence of appearance of various pathogenic mycoplasma species in bacterial va-
ginosis may be a result of pathophysiological alterations of the vaginal ecosys-
tem, and mycoplasmas appear to play an important role in this process. Patho-
genic mycoplasmas are but one class of many types of bacterial infections that
can be present at various times and in varying amounts in the vaginal ecosystem.

There is good evidence, however, for an etiological role for U. urealyticum in
acute NGU and its chronic forms in men. This species was found in a majority
of male patients with NGU, and sexually transmitted U. urealyticum, M. homi-
nis or Chlamydia trachomatis infections have been detected in approximately
one-half of 400 young symptomatic females under the age of 30, and a majority
of 86 pregnant women with sexually transmitted diseases. Although the inci-
dence rate of the detected microorganisms varied in different reports, infections
with pathogenic mycoplasmas are thought to be an important cause or cofactor
in many patients with urogenital conditions, such as inflammations, fertility
problems and premature deliveries.

Some commonly found pathogenic mycoplasmas are not usually associated
with NGUs. For example, M. fermentans, M. penetrans, and M. pirum were not
found in urethral swab specimens collected from male patients with or without
acute NGU. Although M. fermentans was not detected by PCR or culture me-
thods in patients with urethritis or cervicitis, this species was detected by PCR in
4 of 232 amniotic fluid samples tested. The results suggest that in these four cas-
es M. fermentans was transferred transplacentally. Histological evidence of cho-
rioamnionitis was present in two of the four patients, a finding that supports the
hypothesis that M. fermentans may be a possible cause of chorioamnionitis.

4.6. Infertility and Spontaneous Abortion

Pathogenic mycoplasmas are known to reduce fertility rates [63]. For example,
U. urealyticum was found to be involved in a number of patients with fertility
problems. This has been related to both women and men with these infections,
and successful treatment has been correlated with improvements in fertility. For
example, in men U. urealyticum infection was found to reduce sperm motility
and viability, which are directly related to fertility, and treatment of this infec-
tion resulted in improvements in quantity, motility, and appearance of sperm,
and importantly, in improvements in fertility [64]. Multiple studies on several
species have shown that pathogenic mycoplasma infections are a risk factor for
male infertility [65].

The mere presence of pathogenic mycoplasmas on, for example, the vaginal
mucosal surfaces of the cervix or vagina is not necessarily an indication of infer-
tility, because U. urealyticum and M. hominis may occur in 40% to 80% of

asymptomatic women. However, where inflammatory infections of the upper
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urogenital tract occur and are related to mycoplasmal infections, there was a
good correspondence with infertility [64]. Although infections of the lower ge-
nital tract are not well correlated with infertility and adverse pregnancy out-
comes, pathogenic mycoplasma infections of the upper tract and chorioamnion
were strongly associated with adverse pregnancy outcomes [66]. The evidence in
experimental animal infections is even clearer. In these cases Koch’s postulates
have been fulfilled. In addition, a portion of infertile clinical cases of nongono-
coccal urethritis have been confirmed as caused by pathogenic mycoplasmas
[64].

Pathogenic mycoplasmal infections also cause spontaneous abortions and a
higher risk of birth complications, such as post-Cesarean delivery endometritis
[64]. Pathogenic mycoplasma infections appear to be important in prematurity,
pregnancy loss, chorioamnionitis and other complications. These microorgan-
isms can invade the amniotic cavity and cause intense inflammatory reactions in
the absence of labor [66].

4.7. Immunosuppressive Diseases

One of the most immunosuppressive diseases in humans is caused by the human
HIV-1 virus. Various Mycoplasma spp. have been implicated as infectious co-
factors along with HIV-1 virus in the pathogenesis of HIV-AIDS [67] [68]. Us-
ing relatively insensitive techniques three mycoplasma species have been de-
tected in patients with HIV-1 infections, and the incidence of systemic mycop-
lasmal infections in HIV-AIDS patients is likely much higher than previously
thought. Possible mechanisms that could allow mycoplasmas to influence HIV
pathogenesis appear to be the specific and direct activation or suppression of the
immune system, the production of superantigens with subsequent alterations in
immune responses, and their contribution to the oxidative stress observed in
HIV-positive patients [68] [69].

Specific species of mycoplasmas have been isolated from HIV-infected indi-
viduals. Mycoplasma fermentans was the first mycoplasma species reported in
AIDS patients, and there is evidence that it is an important cofactor in the pro-
gression of AIDS [70]. M. fermentans co-infection occurs with HIV-1 infections
in approximately one-half of patients with AIDS [71], and lower percentages of
other pathogenic mycoplasma species have also been identified [72] [73].

Mycoplasma molecular mimicry may be involved in the pathogenesis of
AIDS. Antigen similarities between the surface components of pathogenic my-
coplasmas and HIV-1 have led to speculation that they use similar mechanisms
for cell entry. Interestingly, the HIV-1 gp120 envelope glycoprotein and M. ge-
nitalium adhesin proteins share sequence homology and also have significant
similarity with the CD4-binding site of the class II major histocompatibility
complex (MHC) proteins. The interactions of pathogenic mycoplasmas with
MHC-related antigens on host cells could contribute to a number of possible
outcomes, including T-cell dysfunction, T-cell depletion, T-cell shift, B-cell pro-

liferation, hyperglobulinemia and antigen-presenting cell dysfunction. All of
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these have been observed during the development and progression of HIV-AIDS
[74].

4.8. Rheumatic Diseases

Although the underlying causes of rheumatic diseases, for the most part, remain
unknown, these diseases appear to involve, at least in part, infectious agents [75]
[76]. Also, the progression of rheumatic diseases may be related to infectious
processes. The clinical and pathological similarities between known infectious
diseases in animal species and those of some human rheumatic diseases, such as
rheumatoid arthritis, have supported microbial etiologies. In fact, there is a long
list of microorganisms, including aerobic and anaerobic bacteria, as well as vi-
ruses, that have been proposed as important in these illnesses. Among these
possible infectious agents are various species of pathogenic mycoplasmas [6]
[75].

There is increasing evidence that pathogenic mycoplasmas may promote the
progression of rheumatic diseases, such as rheumatoid arthritis (RA) [6] [75].
First, mycoplasmas have been proven to cause arthritis in animals [77]. Second,
various pathogenic species of mycoplasmas have been detected in the synovial
fluid and blood of RA and other arthritis patients [78] [79]. Although a few re-
ports have not confirmed this, possibly because of the insensitive techniques
used for detection, various species of pathogenic mycoplasmas have been loca-
lized in the joint tissues of patients with arthritis [59] [78] [80].

Pathogenic mycoplasmas are known to be able to induce immune dysfunction
and autoimmune reactions that could be related to the development of arthritis
[21] [40] [45] [59]. Thus, mycoplasmal infections could be, in part, involved in
the pathogenesis of RA [20] [40] [78]. In animal models of arthritis, M. arthriti-
dis-related superantigens were found to compromise T-cells, and they can trig-
ger and exacerbate autoimmune arthritis. These superantigens involve parts of a
T-cell receptor that has been proposed to be involved in arthritis [81]. Further-
more, mycoplasmas can release substances, such as oxygen free radicals and
chemotactic and aggregating substances that could interact with mononuclear
and other cell types.

Importantly, the injection of isolated membranes from M. arthritidis resulted
in toxicities in animals similar to those found in rheumatic disease [82]. This
might be related to correspondence in the antigenic epitopes of chondrocytes
and M. arthritidis membrane components. Similarly, using immunological me-
thods the presence of trace amounts of pathogenic mycoplasmal antigens or spe-
cific antibodies against pathogenic mycoplasma species were found quite often
in RA patients [82].

4.9. Cardiovascular Diseases

Infections of the cardiovascular system by pathogenic mycoplasmas have been

reported recently in patients with different forms of carditis [40] [59]. This has
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also been found in chronic M. pneumoniae infections [59]. Indeed, endocarditis
and myocarditis associated with M. pneumoniae infections appear to be impor-
tant causes in the fatal outcomes in M. pneumoniae-infected patients [83]. Di-
rect invasion of M. pneumoniae into pericardial tissue appears to be the likely

cause of pericarditis, rather than autoimmune phenomena [83].

4.10. Autoimmune Diseases

Pathogenic mycoplasmas seem to play an important but not well-understood
role in many autoimmune diseases. Several characteristics of mycoplasmas make
them attractive as agents that could be responsible for triggering autoimmune
responses. First, during their intracellular replication and release from host cells
mycoplasmas can capture antigens from the host cell surface and incorporate
them into their cell membranes. This can lead to concomitant immune res-
ponses against these host antigens and possibly autoimmune reactions. Second,
mycoplasmal antigens often mimic host antigens. If immune responses are gen-
erated against these mycoplasmal antigens, the result could be cross-reactivity to
normal host antigens. Third, mycoplasmas can cause apoptosis of host cells with
subsequent release of normal host antigens that could elicit host autoimmune
responses.

There is an example of a pathogenic mycoplasma superantigen immunomo-
dulator that can be found during M. pneumoniae infections and cause transient
autoimmune hemolytic disorders characterized by high titers of autoantibodies,
in this case against carbohydrate antigens [84]. The effects of super-antigens on
immune systems may be elicited through their binding to the outer portions of
MHC structures on antigen-presenting cells and to the non-antigen recognizing
structures of the hypervariable regions of T-cell antigen receptors [81]. Such su-
per-antigens can also induce immunological tolerance [81]. When injected into
mice, M. arthritidis super-antigen causes a chronic arthritis that resembles RA
histologically. This mycoplasma species produces a super-antigen (MAM) that
in humans preferentially expands T-cells whose antigen receptors (TCR) express
the segment Vbetal7. T cells with this phenotype appear to be increased in fre-
quency in RA synovial effusions. In addition to resembling human RA patho-
logically, other diseases, such as Kawasaki disease, Sjogren syndrome, lupus ery-
thematosus and multiple sclerosis also show oligoclonal expression of TCR beta
specificities on infiltrating T-cells [85].

4.11. Neurodegenerative and Neurobehavioral Diseases

Infections have been recently considered to be important in neurodegenerative
and neurobehavioral diseases [45] [46] [47] [86]. Infectious bacterial agents,
such as Mycoplasma spp., Chlamydia pn., Borrelia spp., among others, can enter
the central nervous system (CNS) by direct penetration of the blood-brain-barrier,
intraneuronal transfer, or by being carried inside infiltrating mononuclear cells
[46] [86]. Once inside the CNS such infections appear to be common features of

various neurodegenerative conditions that cause dementia and other brain im-
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pairments [46]. Neurobehavioral disorders overlap with neurodegenerative dis-
eases in their signs and symptoms and can be found in brain disorders of mainly
the elderly, such as stroke, dementia, multiple sclerosis and other disorders, as
well as disorders of the young, such as autism spectrum disorders, attention def-
icit disorders and other brain developmental impairments. Both types of condi-
tions are poorly understood and generally poorly addressed clinically [87].

To understand the complexities of neurodegenerative and neurobehavioral
disorders there are a variety of considerations, including genetics, immune func-
tions, head trauma, nutritional deficiencies, mitochondrial defects, oxidative
stress, environmental toxins, heavy metal and chemical exposures, neurotrans-
mitter abnormalities and chronic viral and bacterial infections [45] [46] [47]
[86] [87]. Here we will only consider the potential role of chronic pathogenic
mycoplasmal infections in these diseases.

A major adult onset neurodegenerative disease, amyotrophic lateral sclerosis
(ALS), is an example of a progressive CNS disease that ultimately results in
death, usually by paralysis and respiratory failure due to destruction of upper
motor neurons in the cortex and lower motor neurons of the brain stem and
spinal cord [88]. Evidence for the presence of particular viruses and intracellular
bacteria in the brains of ALS patients has stimulated explorations for various
pathogens [45] [46]. In fact, pathogenic mycoplasmal infections were found to
be quite common in veterans and civilians with ALS, with 83% of ALS patients
showing positive blood results compared to less than 9% of controls [89]. Some
of these ALS patients also were positive for Borrelia infections. All of the Gulf
War veterans with ALS that were tested were mycoplasma-positive, and almost
all had M. fermentans infections [89]. Many patients with an incomplete diag-
nosis of ALS were also positive for mycoplasmal infections [46]. A recent study
found that 46% of civilian ALS cases were positive by PCR [90].

Another rather common neurodegenerative disease, multiple sclerosis (MS),
also shows evidence of chronic viral and bacterial infections, but in this case
mycoplasmal infections were rarely found in brain tissue [91]. A somewhat dif-
ferent result using a different test source was obtained with female MS patients
in remission. These patients were found to have higher levels of M. pneumoniae
antibodies in their serum, suggesting that mycoplasmal infection(s) may be, in
fact, related to progression in certain MS patients [92]. A more common finding
was the presence of Chlamydia pn. in MS patients [93]. In MS the presence of
various viruses, including human retroviruses, has shifted the focus to now look
for endogenous viruses [94].

Neurobehavioral disorders, such as autism spectrum disorders (ASD) in
children, also show high frequencies of chronic bacterial and viral infections.
Several Mycoplasma species, Chlamydia pneumoniae, and human herpes-6
co-infections were found in the blood of a majority of children with ASD [95].
An association has also been found between ASD and Borrelia burgdorferi infec-
tions [96]. This has resulted in a proposal for long-term antibiotic therapy for
children with ASD and associated conditions [97].
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4.12. Fatiguing Illnesses

The most common fatiguing illness is chronic fatigue syndrome (CFS) or myal-
gic encephalomyelitis. This is an unexplained, long-term, persistent illness cha-
racterized by disabling fatigue plus additional signs and symptoms [98] [99].
Most if not all patients with CFS show evidence of chronic viral and bacterial in-
fections (reviewed in [45] [47]). In fact, the odds ratio for the presence of chron-
ic infections was calculated to be 18.0 (p < 0.001), suggesting that CFS patients
have a very high probability of multiple chronic infections [100]. The most
commonly found infections (by PCR of blood monocytes) were various patho-
genic species of mycoplasmas [100] [101]. M. pneumoniae was the most com-
mon mycoplasma species found, followed by M. fermentans, M. hominis, and
M. penetrans [101]. In European CFS patients these infections were also found,
but in different frequencies. M. hAominis was the most commonly found patho-
genic mycoplasma in European CFS patients, suggesting that there are regional
differences in the pathogenic mycoplasmal infections found in CFS patients
[102]. In CFS patients the number of different chronic infections found in pa-
tients may also be important, because patients with multiple infections have a
more severe illness course, in terms of the severity of their signs and symptoms
[103].

A related fatiguing illness, fibromyalgia (FM) has many of the signs and
symptoms of CFS, but its characteristic symptoms are diffuse widespread pain
and other symptoms [104]. FM is often diagnosed along with CFS, and these two
illnesses generally have overlapping signs and symptoms. However, widespread
pain is the most characteristic symptom of FM, and it has been described as
spontaneous pain, burning pain, pressure pain, and combinations of these [104].
Infections are a suspected trigger in FM, and various viral and bacterial infec-
tions have been found in FM patients (reviewed in [104]). Among the most fre-
quent infections found are various pathogenic species of Mycoplasma [47] [101].

Another fatiguing illness is Gulf War Illness (GWI) [48] [89] [105]. GWI
loosely fits the symptom profile of CFS, but depending on the multiple envi-
ronmental exposures of veterans during this conflict symptoms can vary and in-
clude fatigue, pain, cognitive problems, gastrointestinal symptoms and respira-
tory and skin problems [105] [106]. This group of illnesses is thought to be
caused by multiple hits, mainly through chemical and biological exposures.
Many if not most GWI cases show evidence of pathogenic mycoplasmal infec-
tions (in about one-half of cases), and the majority of these were found to be M.
fermentans infections [48] [89]. In fact, treating such infections with long-term
anti-microbial therapy resulted in recoveries, but not with every patient [48]
[105].

4.13. Other Illnesses and Conditions

There are a variety of other illnesses and diseases where pathogenic mycoplasmal

infections can cause morbidity [45] [46] [47]. For example, Guillain-Barré syn-
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drome, characterized by muscle weakness, pain, numbness, tingling in the arms,
face and legs, among other symptoms, is a demyelinating neuropathy often asso-
ciated with bacterial infections [107]. M. pneumoniae infections are commonly
found in over one-half of Guillain-Barré syndrome patients [108]. As discussed
above, M. pneumoniae infections are common in children, and they can be
present as an important co-infection with other bacteria. As an example of this,
pathogenic mycoplasma co-infections are often found in infectious illnesses like
PANDAS (pediatric autoimmune neuropsychiatric disorders associated with
Strepococci) [109]. Another PANDAS-related condition, Tourette’s syndrome,
has also been related to the involvement of bacterial co-infections, such as Bor-
relia spp. and Mycoplasma pn. [110] [111].

Infections like pathogenic mycoplasmas have also been found associated with
a number of cancers, such as lymphomas [112], oral carcinomas [113], prostate
cancers [114] and lung cancers [115]. Mycoplasmal infections can promote ma-
lignant transformation in vitro [116] and in vivo [117].

Various systemic illnesses involving different tissues and organs, such as vas-
culitis, dermatitis, neuritis, hepatitis, sarcoidosis, encephalitis, pancreatitis, he-
matologic illnesses, among others, can apparently be caused or promoted by pa-
thogenic mycoplasma infections. Matsuda has listed a number of other condi-

tions and illnesses that are linked to mycoplasmal infections (see Figure 1 [118]).

5. Conventional Treatment of Pathogenic Mycoplasmal
Infections

Pathogenic mycoplasmal infections can occur alone or as co-infections with
other microorganisms. Most often they are present with other bacteria, viruses,
fungi, etc. in complex multiple infections, as discussed in various sections above.
In many cases mycoplasmal infections are not the definitive infection that de-
fines the condition. An example of this is chronic Lyme disease, a complex clin-
ical condition with Borrelia species as the prominent infectious agent but with
other bacterial, parasite, and viral components as co-infections [47] [119] [120]
[121]. Pathogenic mycoplasmal co-infections are important in such multiple in-
fection diseases, being present in up to 80% of chronic Lyme diseases cases [120]
[122]. These multi-infectious conditions have been called Multiple Systemic In-
fectious Disease Syndromes (MSIDS) [121], and they present a significant treat-
ment challenge to practitioners due to the number of infections involved, the
wide variety of symptoms found, and the difficulty of finding effective treat-

ments for complex clinical conditions [119] [120] [121].

5.1. Antimicrobial Treatments

There remains an ongoing controversy whether to treat clinically patients who
have mycoplasmal infections. Even with mycoplasmal involvement as possible
causes of chronic illnesses, as co-factors or as bystanders causing co-morbid

conditions, this controversy has endured [45] [47] [123]. These notions will not
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be considered here, but the most important concept for practitioners and pa-
tients is whether recovery from complex chronic illnesses with infectious com-
ponents can be affected without taking into account the extensive morbidity that
can be caused by pathogenic mycoplasmas. Treatment or not of such infections
present in many chronic illnesses may be among the most important decisions
that practitioners render for their chronically ill patients.

The conventional antimicrobial treatments of pathogenic mycoplasmal infec-
tions usually involve systemic therapy with oral antibiotics, but the choice of an-
tibiotic(s) depends to a certain degree on the mycoplasma species being treated.
Since mycoplasmas do not have a cell wall, antibiotics that act on cell wall syn-
thesis are ineffective [2] [3] [7] [40] [50] [59] [124] [125]. Instead, mycoplasmas
are treated with anti-microbials that attack their metabolism, replication, syn-
thetic machinery or other specific bacterial targets. Since most mycoplasmas and
ureaplasmas are generally sensitive to tetracyclines (doxycycline, minocycline,
among others), with some notable exceptions, these should be considered for
frontline treatment, and quinolones (ciprofloxacin, sparfloxacin, levofloxacin,
ofloxacin, among others) [125] [126] [127] [128], as alternative treatment.
However, M. pneumoniae and M. genitalium strains are especially sensitive to
macrolides (azithromycin, clarithromycin, erythromycin, among others), whe-
reas M. hominis strains are usually resistant [126] [127] [128]. Ureaplasmas are
moderately susceptible to macrolides [127] [128]. M. hominis and Ureaplasma
urealyticum are generally more resistant to tetracyclines than other species [129]
[130], and M. hominis strains have been observed to be resistant to quinolones
[131]. Some discussion of these antimicrobials and their uses in treating patho-
genic mycoplasmal infections in chronic illnesses can be found in [132] [133]
[134].

Mycoplasmal infections have been treated with intravenous antibiotic ther-
apy, but this is generally done for only a short period of time due to potential
long-term toxicities [132]. Treatment of pathogenic mycoplasma infections
with oral antibiotics generally involves daily or pulsed treatment, such as
every-other-day administration, at the maximum dose recommended for a par-
ticular antibiotic [132] [133] [134] [135]. Due to the cyclic nature of mycoplas-
mal proliferation some organizations recommend every-other-day antibiotic re-
gimens [135].

There are important considerations in determing treatment, such as patient
age. For example, some suggest that macrolides be considered first for young
children with pathogenic mycoplasma infections due to the potential side effects
of tetracyclines and quinolones [136]. However, some adverse effects, such as
staining of developing teeth in children under the age of eight with tetracyclines,
are not much of a problem with some newer antibiotics, such as doxycycline,
and in some cases low-dose administration has been used [137].

Another important consideration is antibiotic resistance, which can occur
during treatment [132] [138]. A major problem has been the shifting minimum

inhibitory dose concentrations required to treat mycoplasmal infections with
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antibiotics, such as treatment of M. genitalium infections with oral tetracyclines
[139]. This requires increasing dose levels or shifting to a different antibiotic re-
gimen [132].

In most chronic illness patients pathogenic mycoplasma infections do not re-
spond quickly to anti-microbial therapy, so long-term therapy must be consi-
dered [123] [132] [133] [135]. Although acute infections involving Mycoplasma
species, such as atypical pneumonia [50] [124], have been treated with short pe-
riods of antibiotics, this approach is generally ineffective for chronic infections
[45] [46] [47] [48] [121] [123] [132] [133]. A major concern during long-term
antibiotic treatment is the possibility of antibiotic resistance [140]. This can oc-
cur for a number of reasons that are connected to various genes or resistance
determinants that, in turn, are linked to various targets and processes, including
those that control the metabolism, activation-inactivation, influx and efflux of
drugs and other important activities [140]. In general, this can be avoided, when

necessary, by switching to another antibiotic [132].

5.2.]Jarisch-Herxheimer Reactions

When antibiotics are used to treat pathogenic mycoplasmal infections, Ja-
risch-Herxheimer reactions (J-H reactions) usually occur [132] [141]. These are
observed as temporary increases in the severity of signs and symptoms, and J-H
reactions generally involve fevers, chills, muscle aches, fatigue, skin rashes, pain
and other signs and symptoms related to cytokine release [141]. Although there
are some rather simple methods to reduce the severity of some J-H reactions
[132], their appearance with antimicrobial treatments is thought to be due to the
release of mycoplasma particles and fragments and subsequent host response
and cytokine release. Strong J-H reactions may suggest the efficacy of treatment,
but the lack of strong J-H reactions during anti-microbial treatment is not nec-
essarily an indication of treatment failure.

The signs and symptoms of J-H reactions during antibiotic therapy usually
revert within days from their initial appearance but can go on for some time
[132]. A simple approach to reducing J-H reactions may require reducing tem-
porarily the dose of anti-microbial therapy, or rotating therapy, such as changing
to antibiotics that display a completely different mechanism of action. In addi-
tion, drugs that decrease cytokine production or release can be effective, such as
low-dose naltrexone and Cox-2 inhibitors [121]. The use of integrative treat-

ments to mitigate J-H reactions will be discussed in section 6.4.

5.3. When to Stop Anti-Microbial Therapy

Other important considerations during the treatment of pathogenic mycoplasma
infections are the overall length of treatment or when to stop therapy and how to
deal with interfering microenvironments. Conventional guidelines suggest using
only limited treatments for microbial infections, but such limited treatments in

many chronic illnesses usually do not resolve the illness or the infection [133]
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[142] [143]. Indeed, pathogenic mycoplasmas are slow-growing, cyclic, fasti-
dious, intracellular microorganisms that appear to be less sensitive to antibiotics
in their usual in vivo microenvironments [120] [121] [132].

In many but often less than a majority of patients with pathogenic mycoplas-
mas the infection can be suppressed by short-term antibiotic treatments of a few
weeks, but this usually does not completely resolve the infection, and slow re-
lapse often occurs. Thus the in vitro antimicrobial sensitivities of various my-
coplasmas may not be useful in determining the time of treatment regimens in
vivo, especially because of differing mycoplasma tissue locations and differences
in metaboic states. Importantly, routine anti-microbial treatments may not ac-
curately predict the time required to completely suppress systemic mycoplasmal
infections in their natural intracellular microenvironments [143]. In most pa-
tients this has required prolonged treatments that have resulted in very slow re-
coveries, often requiring a year or more of treatment [48] [121] [123] [132]
[133].

There are a number of factors 7in vivo that protect pathogenic mycoplasmas
from antimicrobial therapies. For example, microbial biofilms may protect some
mycoplasmas from antibiotics, allowing these mycoplasmas to survive in the
presence of high drug concentrations, a characteristic that has been termed “re-
calcitrance” [143]. This will be discussed further in section 6.3. The intracellular
locations and microenvironments of pathogenic mycoplasmas present additional
membrane barriers for conventional drugs. Also, cells naturally try to detoxify
chemicals that enter intracellular compartments. In addition, the presence of
“persister tolerant” microorganisms, such as metabolically inactive forms, in-
sures that there will always be some survivors after successful antimicrobial
therapy. This is thought to occur, in part, by the dormancy of some microorgan-
isms and diminishing antibiotic targets because of reduced metabolism and pro-
liferation variants, along with selective pressures that can account for unusual
antibiotic tolerance in certain survivor microbes [144].

There is also the possibility that host immune responses are essential in sur-
veying survivor mycoplasmas that resist antimicrobial treatments. Variant mi-
croorganisms can resist surveillance by alteration or suppression of host res-
ponses [5] [6] [7] [19] [21] [144]. These and other possibilities could explain
why lengthy treatments of antibiotics are required in most chronically ill pa-
tients to achieve complete mycoplasma suppression (without complete eradica-
tion) and allow patient recovery [7] [48] [132] [133]. Antibiotic therapy alone
has not been successful in suppressing mycoplasmal infections in many patients
without other treatment considerations [132] [133]. These will be discussed in
Section 6.

There are some alternative procedures that can increase the in vivo effective-
ness of antimicrobial therapies. One method that has been used to increase the
effectiveness of antibiotics has been the use of agents that increase the penetra-

bility or the intracellular activities or effectiveness of antibiotics or other drugs.
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For example, the anti-malarial drug Plaquenil (hydroxychloroquine) has been
used to alkalize intracellular compartments and improve antimicrobial entry and
cytotoxic effects [121] [132] [145].

5.4. Anti-Inflammatory and Other Treatments

Inflammation can be a major issue in pathogenic mycoplasma infections, espe-
cially when multiple infections are involved [121]. Inflammatory cytokines are
produced and released during mycoplasmal infections [28] [33] [35], and the le-
vels of inflammatory cytokines have been correlated to patient morbidity [138].
In patients with severe mycoplasma infections inflammation can be serious, and
anti-inflammatory treatments have been recommended [146]. For example, in
children with severe M. pneumoniae infections corticosteroid treatment was
temporally associated with clinical and radiographic improvements, and this an-
ti-inflammatory addition to therapy was considered important in reducing pa-
tient morbidity [146].

In pathogenic mycoplasma cases with acute, severe inflammation patients
have been treated with steroids or other immunosuppressive drugs with or
without intravenous administration of immunoglobulins (IVIG) [134]. In the
most refractory cases patients have received plasma exchange along with im-
munosuppressive drugs, but IVIG and plasma exchange remains a good option
[147] [148].

Some antibiotics have immunomodulatory effects themselves. For example,
tetracyclines and macrolides show some immunomodulatory effects in patients
[149] [150]. This may have some advantage by reducing the inflammation asso-
ciated with pathogenic mycoplasma infections.

There are a number of other considerations for patients with pathogenic my-
coplasmal infections, such as allergies, food sensitivities, functional deficiencies,
mitochondrial dysfunction, heavy metal and chemical sensitivities, mold and
other biotoxins, endocrine and sleep disorders, nervous system dysfunction,
pain and other phenomenon that make recovery difficult [121] [132]. Some of
these considerations will be discussed in the next section. They are discussed in
more detail elsewhere by Horowitz [151]. For the most part integrative treat-
ment considerations are compatible with conventional therapies, and they are
often used in conjunction with conventional therapies. Patients can generally
continue their dietary supplements and foods while on antibiotics, but most an-
tibiotics should not be taken at the same time of day as dietary supplements
[132].

6. Diet and Integrative Treatments of Mycoplasmal
Infections

As briefly discussed above, treatment of mycoplasmal infections with an-
ti-microbials, such as long-term antibiotics, without other treatment considera-

tions has, in general, been only marginally effective in achieving stable patient
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recoveries [121] [133] [151]. Because of this, moreover, some patients have been
inappropriately diagnosed with psychological problems due to their partial or
incomplete recoveries [47]. Although the literature is rife with the appearance of
pathogenic mycoplasmal infections in psychiatric disorders [47] [134], the per-
sistence of psychiatric symptoms should not be considered the basis of an inabil-
ity to recover using conventional anti-microbial treatments. Thus the addition of
proper diet and integrative medical management along with conventional an-
ti-microbial treatments should be considered, instead of assuming that patients
have psychological reasons for not recovering on conventional antimicrobial
therapies [131] [132] [133] [151].

6.1. General Nutritional Considerations

There are some basic nutritional or dietary considerations for patients under-
going treatment for pathogenic mycoplasma infections [132] [133] [151] [152]
[153]. First, avoidance of high-sugar, yeast-containing and processed foods is
essential [132] [153]. Decreasing or eliminating simple or refined sugars, alco-
hol, acid-forming, high-yeast- and trans-fat-containing foods as well as increas-
ing intake of cruciferous vegetables, fish, soluble fiber foods and whole grains are
useful for maintaining healthy digestive and immune systems [151] [152] [153].

Pathogenic mycoplasmas deplete many normal cellular molecules, mainly be-
cause they have limited genomes and can’t synthesize many of the metabolites
that they require for growth and proliferation [1] [5] [7] [15] [17] [153]. Restor-
ing depleted nutrients is an essential part of any mycoplasma treatment program
[132] [151] [152] [153]. Thus organizing diets to replace mycoplasma-depleted
nutrients is especially important [153]. In the next sections consideration of im-
portant vitamins, minerals, lipids, proteins and other nutrients will be discussed.

Since fungal (yeast) overgrowth can be a problem, especially during antibiotic
therapy, anti-fungal foods and supplements (grapefruit extract, olive leaf extract,
garlic extract, berberine, and oregano oil) can be useful in treating or avoiding
fungal infections [151] [152] [153]. Simple dietary advice for fungal or yeast
overgrowth includes eliminating or significantly reducing yeast-containing and
fermented foods, sugars, and alcoholic beverages [151] [152]. Anti-fungal drugs,
such as nystatin and diflucan, can also be useful in controlling fungal/yeast in-
fections [132] [151], but careful monitoring and consideration of possible in-
flammation should be done to improve outcome [151].

Controlling inflammation during therapy through dietary practice is a simple,
practical approach. Recommendations include switching to “alkaline” or “Medi-
terranean” diets that are low in sugar, dairy, and processed meats and that are
high in low-sugar fruits, vegetables, and olive oils [151]. There are also some
specific illustrations of particular foods that are helpful. For example, poultry
eggs contain a number of bioactive components that can modulate inflammation
[154]. There is a suggestion that eating raw eggs can reduce the morbidity of
chronic mycoplasmal infections, but this has not been tested in controlled clini-

cal trials. Probiotics are important and will be discussed in another section (6.5).
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6.2. Vitamins, Minerals and Proteins

Chronic illness patients, and especially patients with chronic pathogenic mycop-
lasma infections, should be considered depleted in many essential vitamins and
minerals that can be replaced by diet or dietary supplements [132] [151] [152]
[153]. For example, we have suggested adding sublingual vitamin B complex
(riboflavin, thiamine, niacin, pantothenic acid, pyridoxine, folic acid, biotin,
cyanocobalamin, choline), and vitamins A, C and E to routine vitamin use [132]
[152]. Other mitochondrial replacement supplements that may be useful include
coenzyme Q-10 (CoQyo) L-carnitine, Alpha-lipoic acid, and glycerolphospholi-
pids (see Section 6) [151] [152] [153] [155].

Important minerals that are often depleted during mycoplasmal infections in-
clude zinc, magnesium chromium and selenium. These can be replaced by tak-
ing mineral supplements [151] [152] [155].

Other useful supplements containing beta-carotene, bioflavoids, and amino
acids, such as L-cyseine, L-tyrosine and L-glutamine. A supplement formulation
of specific amino acids, Fatigue Reviva™, has been developed to support amino
acid depletion found in conditions of sub-health, such as chronic infections
[157]. Buhner [153] also suggests adding L-arginine, L-tryptophan, L-threonine,
and L-serine to this mixture of amino acids. Poultry eggs were mentioned in sec-

tion 6.1 as an excellent source of proteins and other nutritional components.

6.3. Modifying Mycoplasma Microenvironments

Pathogenic mycoplasmas can reside in both extracellular and intracellular mi-
croenvironments. In the latter they are adept at modifying their microenviron-
ments to optimize uptake or cellular transport of nutrients. Mycoplasmas can
also adjust their enzymatic and other activities, depending on where they are lo-
cated. To provide microenvironments that are not optimal for mycoplasmas, it is
imperative that acidity be controlled at both the extracellular and intracellular
levels [151]. This has been done extracellularly with antacids or diet that is not
acidic. For intracellular regulation of acidity vitamin C, lemon-lime water, a
lemon-olive oil drink or fruits and vegetables that raise intracellular pH have
been used to modulate intracellular environments to more alkaline states [132]
[151].

Next, the oxidative states of tissues and cells need to be under control to pre-
vent excess oxidative stress, but not too much control, because many natural
functions require some free radical oxidants for metabolic and gene regulation.
This can safely be accomplished with dietary use of particular anti-oxidants, and
there are some excellent examples of natural anti-oxidants that can be useful.
Some are mentioned in section 6.2 and elsewhere [132] [151] [152] [153]. Since
normal cellular signaling and metabolism are dependent on the presence of nat-
ural cellular oxidants, it is important to not interfere with normal cellular oxida-
tive balance, but at the same time controlling excess oxidative stress [158]. Die-

tary antioxidants, such as beta-cryptoxanthin found in fruits and vegetables, ap-
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pear to be useful in controlling cellular redox states. This turns out to be impor-
tant in essentially all types of infections, but it has also been found to be particu-
larly important in cancers, neurodegenerative and other diseases [159].

A very safe and effective method to control oxidative stress and reduce in-
flammation during mycoplasma treatment is the use of hydrogenized water
[160]. Molecular hydrogen reduces oxidative stress and cytotoxic oxygen radi-
cals by a gene regulation mechanism not by direct interactions [161]. Hydroge-
nized water does not interfere with conventional or integrative therapies against
mycoplasmas. It can be easily consumed orally without need to worry about
contraindications [160].

As mentioned in Section 5, chronic infections can hide in biofilms and be re-
fractory to anti-microbial treatments. There are several natural biofilm-degrading
enzymes that can be useful during anti-microbial treatments, such as nattoki-
nase, lumbrokinase, and serrapeptase [151]. Together with monolauren or gly-
cerol monolaurate, an anti-biofilm agent derived from lauric acid found in co-
conut and other oils [162], these are useful in disrupting biofilm and potentially
improving therapy against a variety of microbial pathogens that hide in biofilms.
A natural sweetener, stevia, extracted from the leaves of Stevia rebaudiana plant,
has also been shown to be a natural biofilm disrupter [163]. Other natural herbal
biofilm disrupters, such as extracts of pomegranate, maple syrup, cinnamon and
peppermint, have been used separately or together to inhibit biofilms [151].

Chronic infections also stimulate the release of inflammatory cytokines, as
discussed in section 5. Natural cytokine inhibitors have been used to reduce in-
flammation, such as alpha-lipoic acid (ALA). As mentioned previously, ALA has
been used for mitochondrial support [155] [156]. ALA has also been shown to be
a good inhibitor of inflammatory cytokines in rheumatoid arthritis patients
[164]. Other herbs and vegetables, such as curcumin, broccoli seed extracts,
cordyceps, Chinese skullcap, Isatis and Houttuynia extracts, have also been used
to reduce specifically inflammation during mycoplasmal infections [151] [153].

Inside cells mycoplasmas compete with mitochondria for metabolites and
precursor molecules [153] [155] [156]. In most cells mitochondria supply ap-
proximately 90% of cellular energy needs, so having mycoplasmas competing for
precursor molecules and stealing high-energy mitochondrial products can result
in reduced mitochondrial function and output. This translates to loss of overall
energy that is perceived as fatigue and reduced function [155] [156]. Thus it is
important that these depleted components be replaced, such as L-carnitine,
ALA, CoQ, and other components, especially membrane glycerolphospholipids
[155] [156] (This will be discussed separately in Section 6.8).

6.4. Herbal Use to Reduce Jarisch-Herxheimer Reactions

In Section 5, I discussed the J-H adverse reactions that are often found during
treatment of pathogenic mycoplasma infections. Various natural supplements
and herbs have been used to minimize J-H reactions. Horowitz [151] has dis-

cussed the use of smilix, redroot, and boneset to reduce J-H reactions. He has
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also discussed the employment of Stephaniaroot, Andrographis, and polygonum
(a form of resveratrol) for J-H reactions [151]. In addition, Cordyceps, Chinese
skullcap, Isatis and Houttuynia extracts, and the flavones baicalein and wagonin
as well as extracts of Scutellaria baicalensis and Acacia catechu have been uti-
lized by either Horowitz [151] or Buchner [153] to reduce inflammation and de-

crease J-H reactions.

6.5. Probiotics and Prebiotics for Gut Health

It is becoming increasing clear that maintenance of an appropriate balance of
gut microbes is essential to gastrointestinal and general health [165] [166]. Pro-
biotics and prebiotics (growth and other factors that support gut microbiome
balance) have been used in a variety of clinical conditions to rebalance gut mi-
crobe proportions and reduce pathogenic bacterial strains. There are a few ex-
amples, such as Clostridium difficile-associated diarrhea, where this has this re-
sulted in significant changes in disease status or morbidity [166]. Thus there has
been considerable interest in using probiotics and prebiotics in clinical practice,
especially for prevention of antibiotic-associated diarrhea [167].

In pathogenic mycoplasma-infected individuals undergoing antibiotic therapy
it is especially important to maintain gut microbial balance, so addition of pro-
biotic/prebiotic supplements would be expected to useful for patients [132] [151]
[152]. We generally suggest that supplementation be done at maximal suggested
doses of probiotic mixtures 1 - 2 hours after oral antibiotics have been taken to
reduce gut microbiome susceptibility to unabsorbed antibiotics [132]. Certain
probiotic mixtures can lower inflammation and abdominal symptoms, and these
appear to be useful [151]. Addition of fiber to the diet, such as flaxseed, has also
been suggested to increase bowel movement in order to remove toxic substances
and allergins [132] [151].

The use of oral digestive enzymes to help dissolve biofilm was discussed in
section 6.3. Such enzymes have also been used to improve food uptake and

maintenance of a healthy gut microbiome.

6.6. Other Herbals and Natural Remedies

In Section 5, the use of conventional therapies, for the most part antibiotics, to
treat pathogenic mycoplasma infections was discussed. This should remain an
important, documented strategy for suppressing mycoplasmas. However, some
patients do not tolerate favorably antibiotics, and often discontinue their use at
inappropriate times. Also, after antibiotic therapies are discontinued, patients
often require some additional anti-microbial tactics to maintain mycoplasmal
suppression [132]. Therefore, the use of herbal supplements has been added to
mycoplasma treatment strategies during and after antibiotics have been stopped
[132] [151] [152] [153]. Although for the most part these herbs and natural re-
medies have not been tested in controlled clinical trials with mycoplas-

ma-infected patients, their use has become so widespread that they should be
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considered on a patient-to-patient basis.

There are many types of herbal extract mixtures and formulations that have
been used in patients with pathogenic mycoplasma infections [153]. These in-
clude those that contain, in no particular order, cordeceps (Cordycepsspp.),
Chinese skullcap (Scutellaria sinensis), Chinese senega root (Polygala tenufolia),
kudzu root (Pueraria lobata), isatis (Isatis indigotica and other species), hout-
tuynia (Houttuynia cordata) olive leaf (Olea europaea), berberine (Berberis
spp.), uva ursi (Arctostaphylos uva-ursi), pomegranate (Punica granatum), ano-
geissus (Anogeissus leiocarpus), tea tree (Melaleuca alternifolia), noni (Morinda
citrifolia), among others. Buhner [153] has carefully discussed the available evi-
dence justifying the use of these herbal formulations in patients with mycoplas-
mal infections. Although some herbal mixtures are available as commercial
products, such as Myco+ (by Rain Tree available on Amazon.com), for the most
part the anti-mycoplasma herbal mixtures can be found on various websites

[132] or must be developed de novo for individual patients [153].

6.7. Oxidative and Other Therapies

Pathogenic mycoplasmas can exist in both aerobic and anaerobic environments,
but in certain tissues, such as joint synovia with lower oxygen tension, they can
be considered as borderline anaerobes [1]. As a borderline anaerobe, they should
be susceptible to suppression by high oxygen tension. Thus one approach to
mycoplasma therapy has been to increase the overall oxygen content of tissues
by hyperbaric oxygen, hydrogen peroxide or ozone. These approaches to my-
coplasma therapy appear to be mainly cytostatic not cytotoxic, but they have
been used in conjunction with other therapies to treat mycoplasma-infected in-
dividuals (discussed in [132]).

Immunotherapy has been suggested for mycoplasmal infections, but there are
few examples in the literature. In non-human primates mycoplasmal infections
have been prophylactically treated by prior immunization with immunogenic
surface components [118] [168]. Humans have also been immunized with my-
coplasma (M. pneumoniae) components, and the results have generally been
promising [169] [170]. Further efforts will have to be made in this area before
effective vaccines are available, including the development of more sensitive and
quantitative techniques of measurement of mycoplasmas in cells and body fluids
[170].

Immune modulators have been used to boost host immunity. For the most
part these have been non-specific modulators [132] [133]. For example, bioactive
whey proteins, polysaccharides, mushroom extracts, transfer factors and other
natural products have been used in patients with mycoplasmal infections. In
general, their clinical effectiveness has not been carefully evaluated, and their ef-
facicy has not been documented in clinical trials.

One problem that can potentially interfere with anti-mycoplasmal therapies is

the presence of heavy metals in tissues and organs, which can contribute to in-
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flammation and immune dysfunction [121] [151]. Horowitz has discussed the
use of chelation and nutritional supplementation in the removal of heavy metals

from patients undergoing treatments for chronic infections [151].

6.8. Membrane Lipid Replacement

Membrane Lipid Replacement (MLR) is the critically important oral supple-
mentation of membrane glycerolphospholipids to provide replacement mole-
cules that are damaged or lost during pathogenic mycoplasma infections [171]
[172] [173]. Replacement membrane phospholipids are important for a variety
of cellular and tissue functions and for general health [172]. Patients with
chronic illnesses and infections as well as aged individuals are often deficient in
undamaged membrane glycerolphospholipids, because dietary sources usually
cannot provide enough undamaged MLR lipids for maintenance of cellular
membranes [172] [173].

The use of oral MLR glycerolphospholipids with unsaturated fatty acids (ex-
ample, NTFactor Lipids) in doses ranging from 3 - 4 g per day has proven to be
safe and effective for many clinical conditions, including acute and chronic my-
coplasmal infections (reviewed in [172] [174]). MLR results in the actual re-
placement of damaged membrane phospholipids with undamaged (unoxidized)
phospholipids to ensure proper functioning of cellular and intracellular mem-
branes, such as mitochondrial inner membranes essential to cellular energy
production.

MLR has also been used to reduce fatigue, pain, gastrointestinal and other
symptoms [172] [173] [174], and in mycoplasma-infected and other patients it
can restore critical cellular membrane functions [173]. MLR can also help re-
move hydrophobic neurotoxins, such as mold toxins, that can interfere with cel-

lular response mechanisms and mitochondrial function [171] [172].

7. Final Comments

There is now a growing awareness that many chronic illnesses are associated
with pathogenic mycoplasma infections that are either responsible (causative)
for the illness or more likely acting as cofactors, progression factors and certain-
ly factors which are responsible for aggravating patient morbidity, and in some
cases possibly even contributing to fatal outcomes [7] [45] [46] [47]. In addition,
pathogenic mycoplasmas routinely occur with other pathogens, often in com-
plex multi-infectious syndromes [121]. Once they have been diagnosed, and that
is often difficult with currently available tools, the successful treatment of pa-
thogenic mycoplasmas has been challenging, especially in their chronic forms
where the reduced effectiveness of conventional therapies, usually antibiotics,
has forced us to consider other treatment options, some of which are discussed
in this review.

The present review lists a number of contributing factors for successful sup-

pression of pathogenic mycoplasma infections and extends previous efforts [132]
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[133]. However, each of these and other treatment suggestions is ever changing
and often difficult to apply to individual cases in a uniform regimen. General
recommendations are to initially apply conventional therapies that employ anti-
biotics best suited for treatment of specific Mycoplasma species at maximum
suggested doses either daily or every other day, unless patients are unable to to-
lerate antibiotics. In this case, integrative therapies should be considered as fron-
tline therapy. The extended treatments of mycoplasmal infections require pa-
tience and the flexibility to change treatment strategies if patients do not slowly
show improvements in symptom severities. Various integrative medicines and
patient support strategies should also be employed during initial and follow-on
therapies as outlined but not limited to this review [121] [151]. As stated here
and elsewhere, a major problem is under-treatment, and practitioners will have
to decide how long to treat individual patients with mycoplasmal and other in-
fections. This author is also acutely aware of the inability of most treatments to
completely eliminate chronic pathogenic mycoplasmas. Thus we have focused
on suppression, support and recovery rather than complete eradication of pa-
thogenic mycoplasmas, because the latter may be extremely difficult if not im-
possible to achieve.

Many of the suggestions presented here do not strictly depend on the proper-
ties of the pathogen(s) itself; they are instead focused on modification of host
microenvironments. Thus different approaches to the therapy of complex infec-
tious illnesses and syndromes involving pathogenic mycoplasmas should always
be considered. For example, the MSIDS multifactorial treatment model pro-
posed by Horowitz [121] identifies and treats overlapping symptoms and their
downstream effects rather than focusing on individual infections. This and other
approaches to therapy may be necessary to overcome the complex natures of
pathogenic mycoplasmas and their treatments, including other co-infections,
and the abilities of pathogenic mycoplasmas to persist and cause multiple, over-

lapping symptoms.
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Abstract

Introduction: Phototherapy is the treatment of choice for neonatal hyperbili-
rubinemia. It converts the unconjugated bilirubin from polar and neurotoxic
Z-Z-bilirubin to the more polar photobilirubin. It has been hypothesized that
high level of hemoglobin or hematocrit interferes in the effectiveness of pho-
totherapy. The objective of the current study is to find out the association of
hemoglobin/hematocrit to change in total serum bilirubin concentration
during phototherapy. Methods: A prospective cohort study was conducted on
296 neonates with uncomplicated hyperbilirubinemia. Before initiating the
phototherapy, hemoglobin, hematocrit and total serum bilirubin levels were
measured. After treating the neonates with phototherapy using LED-light for
24 hours, the total serum bilirubin level was measured again. The data were
analyzed by using SPSS version-20. Results: The majority of study partici-
pants were male (60.8%), with mean postnatal age of 4.66 + 1.65, having
mean birth weight of 2.41 + 0.41. Considering Pearson correlation, the he-
moglobin had a significant inverse association with ATsBg,s while birth
weight and postnatal age also had inverse association but p-values were
non-significant, while TsB, had presented a very weak but significant positive
association. The results might be evident of the fact that increase in hemoglo-
bin concentration results in minimal change in total serum bilirubin concen-
tration during phototherapy. Conclusion: Current study found a significant
effect of hemoglobin on efficacy of phototherapy, as the change in total serum
bilirubin concentration is inversely correlated with the level of hemoglobin.
This is important for the physician in treating neonates with hyperbilirubi-
nemia by using phototherapy.

Keywords

Hyperbilirubinemia, Neonatal Jaundice, Phototherapy

DOI: 10.4236/ijcm.2019.1010042  Oct. 15, 2019 523

International Journal of Clinical Medicine


https://www.scirp.org/journal/ijcm
https://doi.org/10.4236/ijcm.2019.1010042
https://www.scirp.org/
https://doi.org/10.4236/ijcm.2019.1010042
http://creativecommons.org/licenses/by/4.0/

A. Langah et al.

1. Introduction

Neonatal Jaundice is not an uncommon condition, approximately 2% - 6% of
affected neonates require treatment [1]. Over the past few decades, phototherapy
is the treatment of choice for neonatal hyperbilirubinemia, beside intravenous
immune globulin (IVIG) and exchange transfusion. Phototherapy prevents the
bilirubin to touch the extremely high levels in turn, preventing kernicterus (en-
cephalopathy due to high levels of bilirubin) [2] [3].

The mechanism of action of phototherapy is that it converts the unconjugated
bilirubin from polar and neurotoxic Z-Z-bilirubin to the more polar form
known as photobilirubin. This transformed photobilirubin consists of configu-
rational Z-E and E-Z-bilirubin isomers and structural E-Z and E-E-lumirubin
isomers [3] [4] [5]. These transformed isomers are easy to excrete in both bile
without undergoing conjugation and in urine as well [6]. The fact that the me-
chanism of phototherapy induced transformation occurs predominantly either
intravascularly or extravascularly, is under a great debate but the majority favors
the idea of intravascular phototherapy induced transformation [7].

In vitro number of studies reported that hemoglobin competes the bilirubin
for absorbing light during phototherapy [7] [8] [9] as the erythrocytes do not
have nuclei or other cellular organelles so act as the main light absorber [9] [10].
It has been hypothesized that high level of hemoglobin or hematocrit interfered
in the effectiveness of phototherapy and only one of the studies confirmed it in
vivo [1]. It is very important to confirm this hypothesis in our clinical setting so
that one can understand the underlying basic mechanism going-on in photothe-
rapy and to suggest a treatment strategy in neonatal hyperbilirubinemia. The ob-
jective of the current study is to find out the association of hemoglobin/hematocrit
to change in total serum bilirubin concentration during phototherapy. The hypo-
thesis is that the increase in hemoglobin concentration reduces the efficacy of

phototherapy.

2. Methods

A prospective cohort study was done from August 2018 up to March 2019 in the
neonatal intensive care unit of Peoples University of medical and health sciences
(PUMHS) Nawabshah, Pakistan. OpenEpi calculator was used for calculating the
sample size which was 306 while the sample population was selected using ran-
domization. The inclusion criteria followed were: 1) healthy term or late preterm
(more than 34 weeks of gestation) newborn having hyperbilirubinemia 2) no
signs for hemolytic disease 3) clinical signs of jaundice 4) birth weight must be
more than 1800 g 5) postnatal age should be more than 24 h but less than 7 days
and 6) those who were not previously exposed to phototherapy. Those neonates
were excluded from the study whose parents refuse to give the consent or who
were either candidate for exchange transfusion or need double phototherapy or
got Rhesus (Rh) isoimmunization or having a very high level or rapidly increas-

ing level of total serum bilirubin concentration or patients diagnosed as a septic
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case. The basic demographic data including gestational age, postnatal age, gend-
er, birth weight and type of feeding during phototherapy were recorded.

Measurements.

Before initiating the phototherapy, hemoglobin and hematocrit were measured.
A trained phlebotomist collected blood samples from the vein/capillary by heel
stick method. All the samples were transported under refrigerated temperature
and centrifuged within 4-hours of collection. The hemoglobin and hematocrit
levels were analyzed by using fully auto hematology analyzer (Model: HL-2400
Plus) in pathology laboratory of PUMHS Nawabshah.

Total serum bilirubin level was measured at the start (TsB,) and after giving
phototherapy for 24 hours (TsB,4) in the capillary blood, drawn simultaneously
with blood for hemoglobin/hematocrit. It was analyzed by using clinical chemi-
stry analyzer (VitalabSelectra E-series) in pathology laboratory of PUMHS Na-
wabshah.

Phototherapy:

The instrument used for phototherapy was Infant phototherapy lamp (Model:
XHZ-90L, Ningbo David Medical Device CO.LTD), having blue LED-light of
430 - 490 nm spectrum. Before initiating the trial, device was calibrated from the
service provider company. Light irradiance was measured by using a radiometer
before initiating the trial and during the phototherapy after every eight hours i.e.
three times within 24 hours. It was measured at the head, abdomen and knees of
the exposed infants and the mean values were calculated.

The distance between the mattress and the light source of phototherapy lamp
was about 30 cm and it was adjusted by using a wood template. The average dis-
tance from the lamp to the skin of the infant was 22.5 cm. Phototherapy was
given to all infants continuously for 24 hours except in between thirty minutes of
feeding and nursing care after every three hours. All the participants were naked
except the area of diapers and eye pads. Phototherapy was avoided if direct
hyperbilirubinemia is more than 20% of TsB,. Very few of the study participants
were excluded from the study because of developing complications like skin rash
(erythematous macular rash/purpuric rash), loose stool, overheating and dehy-
dration.

Ethics.

The study got approval from the ethical review committee of PUMHS. Writ-
ten informed consent was taken from the parents/guardian of the infants before
collecting the blood samples.

Statistical Analysis:

The data were analyzed by using Statistical Package for Social Sciences (SPSS)
version-20. Mean with standard deviation and range was calculated for numeri-
cal data while frequency and percentages for qualitative data. Hemoglobin, he-
matocrit, TsBo, TsBys, and change in total serum bilirubin after 24 hours of pho-
totherapy (ATsBo..s) are presented as mean values with range. The linear regres-
sion model and Pearson correlation coefficient of ATsBy.,4 with hemoglobin,

hematocrit, TsBy, postnatal age and birth weight were calculated. The scatter plot
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was drawn to report the distribution of data and association of hemoglobin with

ATsBg.o4. P-value less than 0.05 was considered as statistically significant.

3. Result

A total of about 306 participants were included in the study but after excluding,
those neonates whose parents refuse to give consent or having unsatisfactory
results or developed complications, about 296 participants were finally analyzed.
Majority of study participants were male (60.8%), with mean postnatal age of
4.66 *+ 1.65, having mean birth weight of 2.41 + 0.41. Looking over the gestation-
al age, majority of the participants were born during 37" week of their gestation
as presented in Figure 1. Among the participants, very few were on breast-fed
during phototherapy and the mean light irradiance measured was 71.8 + 11.45.
The basic characteristics including demographic variables and irradiance data of
study participants are mentioned in Table 1.

At the time of diagnosis, the mean TsB, was 16.2 + 6.92 while mean values of
hemoglobin and hematocrit were 16.59 * 2.75 and 45.78 + 6.18 respectively. Af-
ter giving phototherapy for 24 hours, the mean TsB,, was 13.15 * 3.76, so the
ATsBy.s concentration during 24 hours of phototherapy was 5.21 + 3.05 as men-
tioned in Table 2.

The linear regression model and Pearson correlation coefficient are calculated
in Table 3. The regression analysis showed significant impact of hemoglobin,
hematocrit, TsBy on ATsBy.», while non-significant impact of postnatal age and
birth weight on ATsBy.,s. Considering Pearson correlation, the hemoglobin had
significant inverse association with ATsBy.,, while birth weight and postnatal age
also had inverse association but p-values were non-significant, while hematocrit
and TsB, had presented a very weak positive association. The distribution of data
in scatter plot with regression line is presented in Figure 2. It displayed a very
weak negative correlation which might be evident of the fact that increases in
hemoglobin concentration resulting in minimal change in total serum bilirubin

concentration during phototherapy.

Figure 1. Gestational age of the study participants.
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Figure 2. Scatter plot of change in total serum bilirubin during 24 hours of phototherapy

versus hemoglobin concentration.

Table 1. Basic characteristics of study participants.

Qualitative Variables

n =296 %
Gender
Male 180 60.8
Female 116 39.2
Type of feeding during phototherapy

Exclusive breast-fed 81 27.4

Exclusive formula-fed 131 44.3

Mixed breast-fed/ formula-fed 84 28.4

Quantitative Variables
Mean + SD Range

Postnatal age (days) 4.66 + 1.65 1.36 - 7.96
Birth weight (kg) 2.41+0.41 1.59 - 3.23
Measured light irradiance (WW/cm?/nm) 71.8 £ 11.45 48.9 - 83.5

Table 2. Hemoglobin at the initiation of phototherapy and change in total serum biliru-

bin concentration during phototherapy.

Mean + SD Range
Hemoglobin (g/dl) 16.59 £ 2.75 11.09 - 22.09
Hematocrit (%) 4578 £ 6.18 33.42 - 58.14
TsBo (mg/dl) 16.2 £6.92 2.36 - 30.04
TsB24 (mg/dl) 13.15+3.76 5.63 - 20.67
ATsBo24 (mg/dl) 5.21 + 3.05 -

TsBo, Total serum bilirubin concentration at the start of phototherapy; TsBa, Total serum bilirubin con-
centration after 24 hours of phototherapy; ATsBo4, change in total serum bilirubin concentration during

initial 24 hours (difference between TsBo and TsBoa).
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Table 3. Linear regression analysis and pearson correlation.

R R? Coefficient (95% CI) p-value
Hemoglobin (gm/dl) -0.035 0.001 -0.286 - 0.153 0.005
Hematocrit (%) 0.055 0.003 —-0.050 - 0.143 0.023
TsBo (mg/dl) 0.054 0.003 —-0.046 - 0.127 0.035
Postnatal age -0.030 0.001 —0.458 - 0.268 0.607
Birth weight —-0.048 0.002 —2.043 - 0.838 0.411

R, Pearson correlation; R? regression; CI, confidence interval; TsBo, Total serum bilirubin concentration at
the start of phototherapy.

4. Discussion

The results of current study showed a weak negative association of hemoglobin
with TsBo.os with significant p-value. To the best of our knowledge only one
clinical study done in vivo reported hemoglobin as a competitor of bilirubin
during phototherapy [1]. On the other hand Granati et a/ did in vitro study and
reported significant increase in degradation of bilirubin as the hematocrit level
declined during phototherapy but he did not find any of such association in vivo
[11]. The fact that hemoglobin compete with bilirubin to absorb phototherapy
light was confirmed in vitro by Lamola et al, he used a semi-empirical skin
model which showed the competition of hemoglobin with bilirubin and this in-
creased if wavelength increased 400 nm to 460 nm [7]. This finding is also sup-
ported in vitro by Linfield et al [8].

Looking over the theoretical perspective, the skin capillaries are the primary
site for bilirubin isomerization [12] [13], favored by the current study as well. It
is observed clinically that skin discoloration of jaundiced neonates reduced dur-
ing initial hours of phototherapy, this gives a clue that the isomerization of
Z-Z-bilirubin to photobilirubin mainly occurs extravascularly in skin. Due to
this finding the neonates were changed from prone to supine position during
phototherapy [14]. Few of the studies are contradictory to this point and re-
ported that the efficacy of phototherapy is independent of neonate’s position
because of underlying intravascular mechanism and this can be confirm by
measuring photobilirubin in plasma, 15 minutes after the initiation of photothe-
rapy [12] [15] [16] [17]. This finding is supported by the current study as inverse
association of hemoglobin with efficacy of phototherapy could be due to intra-
vascular isomerization of bilirubin.

The hemoglobin influences the efficacy of phototherapy by absorbing the light
so its effect on degrading hyperbilirubinemia is not accomplished [18]. Mrejhil
et al. gave intensive phototherapy to 36 patients and measured hemoglobin, 4Z,
and 15E photoisomers. By doing post-hoc analysis he confirmed a negative asso-
ciation of hemoglobin with Z-E-bilirubin percentage after 15, 30 and 60 minutes
but this association disappeared later on. He further explained that after 60 mi-
nutes, an equilibrium generated between Z-Z-bilirubin and Z-E-bilirubin in

plasma which was not affected by hemoglobin concentration [13]. However,
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current study reported inverse correlation between hemoglobin and bilirubin
after 24 hours of phototherapy this could be due to the fact that E-Z-lumirubin
is the important isomer for lowering bilirubin while there is no existence of
equlibirum theory between Z-Z-bilirubin and Z-E-bilirubin, as favored by few
other studies [6] [18] [19].

From a clinical point of view, the current study is important for the physician
in treating neonates with hyperbilirubinemia by using phototherapy. Neonates
having high hemoglobin concentration need phototherapy for longer duration,
with higher light irradiance and larger exposure of body surface-area as com-
pared to neonates with lower concentration of hemoglobin. The main limita-
tion of the current study is that high hemoglobin produces more bilirubin
which could show a negative correlation between hemoglobin and ATsBy.s. The
strengths of the current studies are that the study participants were homogenous
and healthy except the hyperbilirubinemia and all the instruments including
hematology analyzer and clinical chemistry analyzer were calibrated before per-

forming test.

5. Conclusion

Current study found a significant effect of hemoglobin on efficacy of photothe-
rapy, as the change in total serum bilirubin concentration was inversely corre-
lated with the level hemoglobin. This is important for the physician in treating

neonates with hyperbilirubinemia by using phototherapy.
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Abstract

Objective: We evaluated whether the changes in FDG-PET/CT uptake be-
tween pre/and post-treatment might predict a complete response in esophag-
eal cancer (EC). Patients and Methods: Fifty-six patients with 2 PET-CTs
studies were evaluated retrospectively. Images were evaluated qualitatively and
semiquantitatively (SUVs). Patients were classified as persistence of disease,
complete metabolic response and unspecific FDG uptake. The SUVmax values
and percentages of change in SUV were measured. Results: A significant dif-
ference was found between the persistence group and the non-persistence
group regarding the median percentage change in SUVtumor (72.95% vs.
54.12%; p = 0.04) and regarding the percentage change in SUVnode (89.91% vs.
59.91%, p = 0.04). In patients treated with radiochemotherapy (RCTX), a sig-
nificant difference was found between the persistence group and the no persis-
tence group regarding the percentage change in SUVtumor (58.02% vs.
78.59%). Overall survival rate was related to the percentage of change in the
SUVtumor. The group of 275% of change SUVtumor showed a median sur-
vival of 37.32 months (IC: 95% = 49.93 - 24.70) and the group of <75% of
change SUVtumor showed a median survival of 18.39 months (IC: 95% =
25.14 - 11.65) (p = 0.04). In patients with metastatic relapse, a significant dif-
ference was found regarding the percentage change in SUVnode (94.63% vs.
74.09%). Conclusion: Our study provides evidence that the percentage change
in the SUVmax is a predictor of the response to neoadjuvant treatment in
patients with EC. When SUVmax decreases by 72.95% or more, the patient is
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likely a complete responder.
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1. Introduction

Esophageal cancer (EC) is the sixth leading cause of cancer-related mortality
worldwide [1] and most patients have locally advanced disease at diagnosis. Cur-
rently, the standard of care for patients with resectable locally advanced esophageal
or esophagogastric junctional cancer is neoadjuvant radiochemotherapy (RCTX)
or chemotherapy (CTX) followed by surgical resection [2] [3]. However, for
squamous cell carcinoma, two randomized trials have reported no survival bene-
fits of surgery [4] [5] and for this reason, there is a growing interest in selecting
patients who could be treated by non-invasive tests rather than surgery.

Nowadays, the value of FDG-PET/CT for restaging after induction treatment
is not clear and international guidelines differ in their recommendations. Li-
mited studies suggest that PET/CT imaging detects distant metastases following
induction RCTX [6] and some centers routinely order a post-induction PET/CT
approximately four weeks after the completion of treatment as a method to as-
sess for distant metastatic disease. In addition, post-induction-therapy FDG-PET
provides information on the metabolic response in the primary tumor that may
be clinically useful in the selection of subsequent therapy [7]. However, others
have failed to find a correlation between the post-RCTX SUV on PET and
pathologic response at the time of resection [8].

According to current evidence, the main use of PET-CT in the revaluation of
EC may be to recognize which patients are not responding to induction CTX [9].
However, there is limited evidence according to the role of PET-CT after RCTX.
For this reason, the aim of this study was to assess the role of FDG-PET/CT in
response evaluation to neoadjuvant RCT in the EC and determine whether the
changes in FDG-PET/CT uptake between pre/and post-induction treatment

could be related to the persistence or not of tumor.

2. Patients and Methods
2.1. Patients

Fifty-six patients with locally advanced EC treated between April 2013 and No-
vember 2016 were evaluated retrospectively following approval by the local eth-
ics committee. All patients were required to have staging with a physical exami-
nation, endoscopic/ultrasonography and cervical/thoracic/abdominal CT. The
eighth edition of the TNM staging was used. All of them had at least 2
FDG-PET/CT studies, one before RCTX with PET/CT1 as a baseline and the

DOI: 10.4236/ijcm.2019.1010043

532 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2019.1010043

E. Jimenez-Jimenez et al.

other after treatment (PET/CT2). No patient had metastatic disease at the time

of diagnosis. The images were confirmed by histopathology.

2.2. FDG-PET/CT STAGING (PET/CT1)

Image acquisition procedures have been described elsewhere [10]. In summary,
all patients fasted for at least 6 h before the FDG-PET/CT examination. They
were injected with 4 MBq/kg body weight of 18FDG and then rested for about 1
h in a quiet room before imaging. CT acquisition parameters were: 100 kV, 80 -
250 mA, slice thickness of 2.5 mm. It was used both for the attenuation correc-
tion of PET data and to locate the FDG uptake in PET images. PET scanning was
performed covering the same axial range for 2 min per bed position (total of 3 -
5 bed positions). Both PET and CT acquisition were performed during free
breathing. Data were reconstructed using an ordered subset expectation max-
imization (OSEM), 3D algorithm (3D Iterative) and attenuation correction de-
rived from CT data. The average acquisition time of the images was between 12 -
16 minutes. The maximal standardized tumor uptake values (SUVmax) were
normalized by lean body mass (LBM). The FDG-PET image was normalized to
the physiological FDG uptake in the liver and, after identifying the primary tu-
mor as a region of interest (ROI), the SUVmax was obtained from the most me-

tabolically active lesion.

2.3. Treatment and Follow-Up

Patients underwent RCTX or neoadjuvant CTX. The radiotherapy (RTX) was
delivered using a three-dimensional conformal technique. Median radiation
dose was 50.4 Gy. The gross tumor volume (GTV) was delineated according to
Visual analysis of nuclear medicine physicians [11] and the clinical target vo-
lume (CTV) according to the ESTRO and EORTC-RTOG recommendations
[12]. It consisted of the primary lesions and regional nodal regions with a 3 to
5 cm craniocaudal and 1 to 2 cm circumferential margin. The CTX treatment
scheme was CDDP-5FU or EOX according to histology. Surgical resection was
performed on 16 patients. The decision on local resectability was taken by a
multidisciplinary committee and depended on tumor infiltration into neigh-
boring structures, distant metastases and absence/presence of uptake of
FDG-PET/CT. The histopathological response was measured according to the
Mandard tumor regression grade scoring system [13]. Patients were followed up
every 3 - 6 months. Locoregional control was defined as “time until proven re-

currence”. Overall survival was defined as “time until death”.

2.4. FDG-PET/CT Re-Evaluation (PET/CT2)

All patients were re-evaluated by PET/CT2, in the same nuclear medicine de-
partment and PET/CT2 was carried out 3 months after RCTX. The response by
PET/CT was measured in absolute terms and as a percentage reduction in

SUVmax. No other assessment parameters were used (such as metabolic tumor
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volume, total lesion glycolysis or SUVmean) because they are not usually used in

clinical practice.

2.5.Image Interpretation and Analysis

Image analysis procedures have already been described [14]. The PET images
were evaluated qualitatively (visual inspection) and semiquantitatively
(SUVs). PET/CT?2 scans were interpreted and correlated with clinical infor-
mation and the initial PET/CT1. Patients were classified into 3 groups: per-
sistence of disease (PET/CT2 shows loco/regional disease or progression),
complete metabolic response (SUVmax on PET/CT2 < 3) and unspecific FDG
uptake. A team of experienced nuclear medicine physicians and radiologists
defined whether persistence or non-persistence of disease. They evaluated
tumor recurrence at the anastomosis site of the resected primary tumor based
on a visual analysis on the PET-CT scan. The following characteristics were
used to describe FDG uptake on fused PET-CT images: the asymmetric of the
uptake and the extend of FDG uptake, whereas malignant uptake tends to be
focal, eccentric, and benign uptake (due to RT or reflux esophagitis) tends to
be diffuse and concentric. Suspect lesions were confirmed by biopsy or by ra-
diological and clinical follow-up. Patients who underwent surgery were not
classified in these groups.

The SUVmax values of the esophageal tumor and lymph nodes on PET/CT
images were collected. Percentages of change in SUV were calculated as
(PET/CT1 SUV - PET/CT2 SUV) x 100/PET/CT1 SUV. There are studies that
have divided these into subcategories according to percentage change but there
are no generally accepted threshold values [15] [16]. In the present study, all up-
takes were divided into two groups according to the percentage of change in the
SUV (275% and <75%). We used this value because we found the persistence
group had a percentage of change in SUV tumor of 72.95%.

2.6. Statistical Analysis

Overall survival (OS) and progression-free survival (PFS) were calculated by
Kaplan-Meier survival analysis, and comparison between groups was made by
the log-rank test. Univariate and multivariate Cox proportional models were
used and a value of p < 0.05 was considered to be statistically significant. SPSS v.

22.00 was used for statistical analysis.

3. Results
3.1. Patient Characteristics

Median follow-up of patients was 20.4 months (range: 4.2 - 56.5 weeks). Figure
1 shows a profile of this studyin which 56 patients were assessed (men = 47,
women = 9, with median age 62.7 years (+ 8.2). The patients’ characteristics are
provided in Table 1. Sixteen patients (28.6%) underwent surgery according to
the response and 40 patients (71.4%) were treated without surgery.
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Figure 1. Study population and design.

Table 1. Patients’ characteristics and findings on PET/CT1.

Characterisits Value
Numer of patients 56
Age (years) (median + DS) 62.7 + 8.2

Gender
Male
Female
Location
Cervical
Thoracic
Lower
Histology
Squamous
Adenocarcinoma
Grade
Gl1-2
G3-4
Unknown
Treatment
Radio-chemo
Chemo
Tumor +/- (PET/CT1)
PET-T+
PET-T-

Node +/- (PET/CT1)
PET-N+
PET-N-

Number involved nodes
NO
N1 (1 - 2 nodes)
N2 (3 - 6 nodes)
N3 (>7 nodes)

47 (83.9%)
9 (16.1%)

11 (19.6%)
20 (35.7)
25 (44.6%)

42 (75%)
13 (23.2%)

7 (12.5%)
17 (30.4%)
32 (57.1%)

47 (83.9%)
9 (16.1%)

55(98.2%)
1(1.8%)

21 (37.5%)
35 (62.5%)

19 (33.9%)

27 (48.2%)

10 (17.9%)
0
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3.2. Findings on PET/CT1

Fourteen patients were found to have stage II disease and 42 patients had stage
III. The mean SUVmax values of the esophageal tumor were 12.08 (range 0 -
30.2) and 37 patients had clinically involved lymph nodes on PET/CT images:
NO (33.9%), N1 (48.2%), N3 (17.9%). The mean SUVmax values of the metas-
tatic lymph nodes were 3.94 (range 0 - 16.1). Details of findings on PET/CT1 are
shown in Table 1.

3.3. Findings on PET/CT2

* Post-treatment tumoral and node evaluation

Thirteen patients (23.2%) were found to have persistence of disease, a com-
plete metabolic response was shown in 17 patients (30.4%) and 10 patients
(17.9%) were found to have unspecific FDG uptake (with/without residual dis-
ease). 16 patients (28.6%) underwent an operation.

The mean SUVmax values of the esophageal tumor were 3.8 (range 0 - 24.7).
The mean SUVmax values of the metastatic lymph nodes were 0.8 (range 0 -
8.8). 13 patients had clinically involved lymph nodes on PET/CT2 images: NO
(76.8%), N1 (19.6%), none with N3.

All patients had a mean decrease in tumor uptake of 68.4% (SD: 33.2%) and
55 patients had a mean decrease in node uptake of 81.6% (SD: 33.6%), except 1
patient who had an increased node uptake. There was no correlation between
the decrease in tumor or node uptake and the time between PET1 and PET2.

* Changes between PET/CT1 and PET/CT2

Patients were categorized according to follow-up into 2 groups: patients with
persistence of disease or progression (Persistence) and patients with disease-free
time (No persistence). Suspect lesions were confirmed. Patients who underwent
surgery were excluded. These results were compared with the percentage of tu-
mor change between both tests. A significant difference was found between the
persistence group and the non-persistence group regarding the percentage
change in SUVtumor (72.95% vs 54.12%) and post-treatment SUVtumor, and
regarding the percentage change in SUVnode (89.91% vs 59.91%) and
post-treatment SUVnode (Table 2).

Secondly, we divided the patients into 2 groups according to treatment re-
ceived: RCTX or only CTX. No patient was treated with the only RTX. In pa-
tients treated with RCTX, a significant difference was found between the persis-

tence group and the no persistence group regarding the percentage change in

Table 2. Comparison between persistence and non-persistence on PET/CT imaging.

Pre-SUV tumor Post-SUV % change SUV Pre-SUV node Post-SUV node % change SUV node
tumor tumor
Persistence (+) (n =13) 12.5+6.15 6.02 +6.11 54.12% =+ 26.68% 5.05 + 3.69 2.31+£3.24 59.91% + 47.25%
Persistence (—) (n = 43) 11.95 £ 5.96 3.13+3.43 72.95% * 30.15% 3.60 + 3.99 0.43 +1.28 89.51% + 23.91%
p=0.780 p=0.03 p=0.04 p=0271 p=0.08 p=0.04
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SUVtumor (58.02% vs 78.59%). Regarding percentage change in SUVnode no
difference was found (Table 3). Regarding the percentage change in SUVnode,

no differences were found.

3.4. Pathological Response

Sixteen patients underwent surgical resection. Pathological findings were: G1
(absence of residual tumor): 3.6%, G2 (rare residual tumor over a lot of fibrosis):
5.4%, G3 (predominate fibrosis over residual tumor): 1.8%, G4 (more residual
tumor than fibrosis) 12.5%, G5 (absence of response): 3.6% and 1 unknown. Six
patients had been treated with CTX and 10 patients with RCTX. Nine patients
were adenocarcinoma and 7 patients squamous carcinoma. Most of them were
gastroesophageal junction tumors (13/16). According to the degree of tumor re-
sponse, no differences were observed between PET/CT1 and PET/CT2. Howev-
er, we observed differences in SUVnode of PET/CT1 between tumors with a low

degree or high degree of response to treatment (p = 0.016).

3.5. Overall Survival and Outcomes

Mean overall survival time was 24.18 months; 11.82 months in patients with
persistence on PET/CT2 and 29.27 months in patients without persistence on
PET/CT2. Patients who underwent surgery were excluded.

On univariate analysis, the overall survival rate was related to the percentage
of change in the SUVtumor and SUVnode. The group of 275% of change SUV-
tumor showed a median survival of 37.32 months (IC: 95% = 49.93 - 24.70) and
the group of <75% of change SUVtumor showed a median survival of 18.39
months (IC: 95% = 25.14 - 11.65) (p = 0.04; Figure 2). However, the group of
>75% change SUVnode showed a median survival of 20.56 months (IC: 95% =
25.56 - 14.57) and the group of <75% change SUVnode showed a median sur-
vival of 17.24 months (IC: 95% = 27.60 - 60.87) (p = 0.14: Figure 2).

Finally, we compared differences in SUVmax values of the esophageal tumor
and lymph nodes between PET/CT1 and PET/CT2 according to the pattern of
relapse. In patients with metastatic relapse, a significant difference was found
regarding the percentage change in SUVnode (94.63% vs. 74.09%).

4. Discussion

Currently, the value of FDG-PET/CT in treatment response assessment of EC is
not clear, above all after treatment with RCTX. Some studies indicate PET-CT is

Table 3. Comparison between treatments received on PET/CT imaging.

Pre-SUV Post-SUV % change Pre-SUV Post-SUV % change
tumor tumor SUV tumor node node SUV node

Persistence (+) 11.07 £3.39 437 +£2.63 58.02 % + 26.53% 5.09 +3.39 2.55+3.31 59.91% + 47.05%
Radio/chemotherapy Persistence (-)

( 47) 11.54 £ 544 244 +2.76 78.59 % + 26.25% 3.69 +4.11 0.42 +1.31 89.5% * 25.12%
n=

p=0.78 p = 0.04 p = 0.02 p=033 p =0.07 p=0.12
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Figure 2. Overall survival rate for percentage of change SUVtumor (a); p = 0.004, and for percentage of change SUVnode (b), p =

0.14.

useful in the reevaluation of treatment [17] and could even be useful in diagnos-
ing a metabolic complete response. The MUNICON trial confirmed the useful-
ness of an early metabolic evaluation in patients with ADC treated only with
neoadjuvant CT [9]. However, other studies have not been able to find a correla-
tion between post-treatment SUV and the pathological response at the time of
resection [8]. Even the guidelines differ in their recommendations, NCCN®
guidelines recommend routinely performing a reassessment PET-CT after 4
weeks after completing the treatment, however UPTODATE® recommend not
using PET-CT after treatment to select surgical patients until there is no more
evidence in this regard.

In addition, although it is currently considered that the optimal treatment of
EC is neoadjuvant RCTX or CT followed by surgery, there are studies have ques-
tioned the need for esophagectomy after achieving a complete pathological re-
sponse after neoadjuvant treatment, especially in SCC [7], so non-invasive tests
are needed to select patients who respond to initial treatment. A systematic re-
view of 2017 with 697 patients concluded that the available data are contradic-
tory to conclude that FDG-PET has a predictive value in the EC, although there
were relevant results that would support its use for the individual therapeutic
decision [18].

For this reason, our aim was to analyze the role of FDG-PET/CT in the
evaluation of the response to neoadjuvant RCT in the EC. Our results indicate
that changes between PET1 and PET2 to predict complete metabolic response. A
significant difference was found between the persistence group and the
non-persistence group regarding the percentage change in SUVtumor (72.95%
vs. 54.12%) and post-treatment SUVtumor, and regarding the percentage change
in SUVnode (89.91% vs. 59.91%) and post-treatment SUVnode. This difference
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was maintained between patients receiving RCT, despite the increased uptake
that can be caused by inflammation by RTX [19]. In addition, group of patients
with 275% of change SUVtumor showed a better overall survival than group of
patients with <75%. The selection of the cut-off value of the percentage of tumor
change may be important. The range of cut-off values varies widely by different
studies, but none have been considered as optimal [20]. Smithers et al [15] ob-
served the mean percentage change in SUV in the histological responders group
was —56.8% (SD 29) and in the non-responders —27.8% (SD 32.1) (P = 0.035).
Briicher et al [16] concluded that in responders FDG uptake decreased by 72%
+ 11% and in non-responders it decreased by only 42% + 22%. We use this value
in our study because we found the persistence group had a percentage of change
in SUVtumor of 72.95%.

There are studies that indicate that a complete pathological response is asso-
ciated with better survival [21] however, studies only provide conflicting results
regarding the utility of FDG-PET images to predict the histopathological re-
sponse of the primary tumor after neoadjuvant treatment. In addition, optimal
PET parameters have not been established to assess the response to treatment,
which provides an additional confounding factor. Arnett et al [8] found no cor-
relation between tumor pathological response and PET findings although, simi-
lar to our results, patients with a large tumor reduction after RCT had better re-
sults. Otherwise, Cerfolio et al [22] supported the usefulness of SUVmax as a
predictor of pathological response in a study with 86 patients. Similar to our re-
sults, they concluded that patients with reduction of 64% in FDG-PET uptake
could predict a complete pathological response, but no relationship with survival
was found.

Neoadjuvant treatment could also be a factor to consider. It is known that
CTX and RTX affect carbohydrate metabolism in tumor cells. In vitro studies
have demonstrated a transient increase in early FDG uptake after exposure to
CTX [23], however a similar increase has not been described in vivo. Further-
more, the RTX directly affects the metabolic activity of tumor cells and induces
an inflammatory reaction with increased FDG uptake [24], which can mask a
metabolic response. Therefore, radiation-induced esophagitis could affect the
measurement of FDG uptake by the tumor. However, in our study the difference
between the percentage of change between patients with or without persistence
of disease was maintained in the group treated with RCTX. In order to minimize
these unwanted effects, PET/CT should be carried out 8 - 12 weeks after RCTX.

It is important to note that our study has several limitations, including its re-
trospective nature and its analysis of a small number of patients with heteroge-
neous characteristics. Also, most of our patients were SCC and were treated with
RCTX without surgery, because they had a histopathologically confirmed com-
plete response. This was caused because the patients were systematically col-
lected from the usual clinical practice, without attending to the histology or
neoadjuvant treatment received. Therefore, results cannot be compared with

other studies in which patients were subsequently operated. In our hospital, pa-
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tients were selected for the high percentage of PET-CT response and for the
clinical information of other tests such as endoscopy or biopsy of the suspicious
area.

Another limitation might be the method of metabolic uptake measurements.
According to Vallbohmer ef al. [25] many factors influence SUV measurements,
such as size, measurement duration, plasma glucose concentration, recovery
coefficient, partial volume and ROI selection. Other parameters than SUVmax
could have been analyzed as MTV (metabolic tumorvolumen), TLG (total lesion
glycolysis) or SUVmean, but our patients and their PET-CT were collected from
the usual clinical practice, and SUVmax is the value usually used in our hospital.

5. Conclusion

In conclusion, our findings indicate that PET/CT imaging might be a standard
component of the reevaluation of all locally advanced EC patients, especially to
identify patients with or without persistence of tumor disease. The present study
provides more evidence of the ability of changes between PET/CT1 vs. PET/CT2
to evaluate tumor response after RCTX. In the future, changes produced be-
tween both PET/CTs could be used to decide which patients should undergo
surgery. More studies are needed to evaluate post-treatment changes in PET/CT
in EC.
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Abstract

Purpose: The aim of this study was to present our surgical outcomes in pa-
tients who underwent arthroscopic removal of poorly positioned and/or
proud metallic suture anchors applied during or after Bankart repair. Me-
thods: A total of 14 patients who underwent open or arthroscopic Bankart
repair with an initial presentation of traumatic shoulder instability between
January 2010 and January 2017 and admitted to our center with complaints
due to poorly positioned and/or proud metallic suture anchors were enrolled.
Pre- and intraoperative findings, surgical outcomes and complications were
reviewed. Diagnosis of proud or poorly positioned suture anchors was estab-
lished using magnetic resonance imaging (MRI) of shoulder in five cases, and
with shoulder arthroscopy in nine patients. Outcomes were measured by the
use of the CONSTANT score and American Shoulder and Elbow Society
(ASES) score. Results: Eleven male and three female patients with an average
age of 29.21 + 5.78 (range, 20 to 42) were enrolled in the present study. Revi-
sion Bankart repair was performed arthroscopically in all patients. The mean
follow-up period was 40.4 months, ranging from 18 to 64 months. The preo-
perative Constant and ASES scores were 68.43 + 7.05 and 38.3 + 19.4, respec-
tively. Postoperatively, the scores were 89.64 + 5.39 and 89.07 * 3.89, respec-
tively (p < 0.01). Conclusion: To conclude, arthroscopy may yield an effec-
tive surgical option for removal of poorly positioned and/or proud metallic
suture anchors after Bankart repair. However, further clinical reports on
larger series are warranted to document the efficacy of this procedure in se-
lected cases.
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1. Introduction

Arthroscopy of shoulder joint is been used commonly for diagnosis and treat-
ment of glenohumeral joint pathologies. Intra-articular implants introduced in
conjunction with arthroscopy have provided successful outcomes in terms of
soft tissue reconstruction [1].

Arthroscopic Bankart repair surgery using suture anchors has become the
most common surgery for management of post-traumatic anteroinferior insta-
bility of the shoulder joint. It mostly provides satisfactory outcomes; however,
recurrence rates of instability may be more than expected rising up to rates of
35% - 40% especially in patients younger than 25 years of age. Moreover, the re-
sults seem to worsen during long-term follow-up [2] [3]. Since patients suffering
from failed Bankart repair are generally young and active people, necessity for
revision stabilization surgery often arises. In this purpose, open Bankart opera-
tion, revision arthroscopic Bankart operation or glenoid rim reconstruction with
bone grafting can be used for restoration of joint stability [4] [5]. Nevertheless,
the optimal technique for revision has not been well defined yet in the literature.

In parallel to the popularization of shoulder arthroscopy, there has been a re-
markable increase in the frequency of complications associated with implants
used for repair of rotator cuff or stabilization of shoulder joint. Suture anchors
have been implemented frequently for fixation during soft tissue repair. Howev-
er, poorly positioned suture anchors result in continuous pain, cartilage injury,
restriction of motion and failure of reconstruction [6].

Male gender, young age, bony defects, hyperlaxity, and poor-quality joint
capsule are among risk factors for failure of arthroscopic Bankart repair [7]. If 20%
- 30% of the glenoid width is eroded, failure is more likely and unrecognised gle-
noid or humeral bony defects constitute common reasons for recurrence after
Bankart repair [8] [9]. The variety and combination or interaction of soft tissue
and bony pathologies complicate the identification of the appropriate method
for revision surgery.

Arthroscopic shoulder surgery has been popularized recently in accordance
with improvement of understanding of the complex anatomy and functioning of
shoulder joint. However, in case that complications occur, there is mostly a lack
of consensus on the method of management. Lack of guidance necessitates clari-
fication for selection of the most appropriate method in the management of
complications. The current study was carried out to present our outcomes for
arthroscopic removal of poorly positioned and/or proud metallic suture anchors

placed during Bankart repair in 14 consecutive cases.
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2. Patients and Methods
2.1. Study Design

This retrospective study has been conducted in accordance with the principles of
the Helsinki Declaration. Written informed consent was obtained from all sub-
jects. Approval of local Institutional Review Board has been obtained priorly
(February 2018).

A total of 14 patients who underwent open or arthroscopic Bankart repair
with an initial presentation of traumatic shoulder instability between January
2010 and January 2017 and admitted to our center with complaints due to poor-
ly positioned and/or proud metallic suture anchors were enrolled in our study.
The data obtained from the patient records were information on the operative
findings, surgical outcomes and complications.

Inclusion criteria: The criteria for inclusion were 1) patients over 18 years, 2)
the presence of traumatic shoulder instability in the initial admission, 3) Bankart
repair open or arthroscopic with use of either open or arthroscopic techniques,
4) surgery performed by the same surgeon (O.G.) or under his direction.

Exclusion criteria: Exclusion criteria were 1) patients under 18 years, 2) us-

ing anchors other than metallic suture anchors.

2.2. Outcome Parameters

Pre- and intraoperative findings, surgical outcomes and complications were re-
viewed. Diagnosis of proud or poorly positioned suture anchors was established
using magnetic resonance imaging (MRI) of shoulder in five cases, and with
shoulder arthroscopy in nine patients (Figure 1(a) and Figure 1(b)).

Patients were evaluated the day before surgery and at last follow-up. Constant
scores, and American Shoulder and Elbow Surgeons (ASES) scores were com-

pared.

GE MEDICA

(a) (b)

Figure 1. (a) and (b) Magnetic resonance views demonstrating poorly positioned metallic
anchors resulting in stiffness and pain of the shoulder joint (white arrow).
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2.3. Statistical Analyses

Data were analyzed using the IBM Statistical Package for Social Sciences v21
(SPSS Inc., Chicago, IL, USA). Parametric tests were applied to data of normal
distribution and non-parametric tests were applied to data of questionably nor-
mal distribution. The results for all items were expressed as mean * SD, assessed

within a 95% reliance and at a level of p < 0.05 significance.

3. Results

Demographic and initial surgical data of the patients are presented in Table 1.
Eleven male and three female patients with an average age of 29.21 * 5.78 (range,
20 to 42) were enrolled in the present study. The right side was affected in 9
(64.3%) cases and the left side in 5 (35.7%) cases. The dominant side was af-
fected in 10 (71.4%) cases. Initially, eleven cases had undergone primary arth-
roscopic Bankart repair, while three patients had been operated with open
Bankart repair. Metallic suture anchors have been placed during primary surgery
in thirteen patients and during revision surgery in one patient. Mean number of
metallic suture anchors used in the initial surgery was 2.36 + 0.50 (range, 2 to 3).
The main complaint was pain in 9 (64.3%) cases, metallic clicking sound in 8
(57.1%) cases, recurrent dislocation in 5 (35.7%) cases, and stiffness in 2 (14.3%)
cases. Mean duration of the complaints was 5.57 + 2.31 (range, 2 to 9) months.
Metallic suture anchors aided the confirmation of diagnosis by radiological me-
thods in 5 cases; however, it must not be neglected that confirmation of diagno-
sis required arthroscopy in 9 cases.

Revision Bankart repair was performed arthroscopically in all patients.
Findings of revision surgery are presented in Table 2. In all cases, arthroscopic
removal of poorly positioned suture anchors could be accomplished successfully.
Suture anchors were found to be extending from the cartilaginous surface of the
shoulder joint. In the patient whose poor positioning of the anchor occurred
during revision surgery, removal of anchor was carried out using screwdriver. In
eight cases, expulsion of anchors by rotation was managed using acutenaculum
after dissection from surrounding tissues. In two cases, the suture anchor was
taken out after dilatation of its periphery with a 6.5 mm mosaic plastic cannula
used for autologous osteochondral transfer system (Figure 2(a) and Figure
2(b)) [10]. Grafting was not performed since the bare area was beyond the
ventral part of the joint. Eleven cases had undergone primary arthroscopic
Bankart repair, while three patients had been operated with open Bankart repair
and the average operation time was 5.5 (range, 2 to 9) months. The mean fol-
low-up period was 40.4 months, ranging from 18 to 64 months.

The preoperative Constant and ASES scores were 68.43 + 7.05 and 38.3 £ 19.4,
respectively. Postoperatively, the scores were 89.64 * 5.39 and 89.07 + 3.89, re-
spectively (p < 0.01) (Table 3).

4. Discussion

The aim of the present study was to present our results in arthroscopic
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Table 1. Demographic and initial surgical data of the patients.

10

11

12

13

14

Gender

Male

Female

Male

Female

Male

Male

Male

Male

Female

Male

Male

Male

Male

Male

Age
(years)

20

42

35

30

24

26

28

30

33

31

20

30

32

28

Previous
Dominancy Side Surgical
Technique
Dominant R Arthroscopic
Non-dominant L Arthroscopic
Non-dominant R Arthroscopic
Dominant R Arthroscopic
Dominant L Arthroscopic
Dominant R Open
Dominant R Arthroscopic
Non-dominant L Open
Non-dominant L Arthroscopic
Dominant L Open
Dominant R Arthroscopic
Dominant R Arthroscopic
Dominant R Arthroscopic
Dominant R Arthroscopic

Number of metallic
anchors in the Complaints
initial surgery

Pain
Stiffness

Pain
2 Metallic
clicking sound

Pain
3 Metallic
clicking sound

Recurrent
dislocation

Recurrent
dislocation

Pain
2 Metallic
clicking sound

Pain
3 Metallic
clicking sound

Pain
2 Metallic
clicking sound

Recurrent
dislocation

Pain
2 Metallic
clicking sound

Pain Metallic
2 clicking sound
Stiffness

Recurrent
dislocation

Pain
3 Metallic
clicking sound

Recurrent
dislocation

Duration of
complaint
(month)

Anchor
Problem

Proud
anchor

Proud
anchor

Proud
anchor

Poorl
positioned
anchor

Poorly
positioned
anchor

Proud
anchor

Proud
anchor

Proud
anchor

Poorly
positioned
anchor

Proud
anchor

Proud
anchor

Poorly
positioned
anchor

Proud
anchor

Poorly
positioned
anchor

management of poorly positioned and/or proud metallic suture anchors applied

during or after Bankart repair. Our results indicate that arthroscopy seems to be

a safe and effective alternative in the surgical management of these patients.
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Table 2. Findings of revision surgery.

Presence of

, . Anchor’s Surgical Method of Number of . X
Anchor's position i intraarticular Follow-up
No K . position procedure anchor anchors X
in the glenoid ) : . chondral destruction (months)
(o’clock) in revision removal removed .
Humerus/glenoid
1 Glenoid rim 3 Removal of anchor Screwdriver 1 No 25
. i . Yes
2 Glenoid 5 mm medial 3 Removal of anchor Screwdriver 1 56
Humerus
Autologous -
es
3 Glenoid 10 mm medial 3-5 Removal of anchor osteochondral 2 Glenoid 60
enoi
transfer system
R 1 of anch Y
4 Glenoid rim 4 fsr.nova otanchor . Screwdriver 1 es 34
Revision Bankart repair Humerus
R 1 of anch Y
5 Glenoid rim 4 fsr.nova otanchor . Screwdriver 1 es 48
Revision Bankart repair Humerus
. X . Yes
6 Glenoid 8 mm medial 3 Removal of anchor Screwdriver 1 24
Humerus
. . . Yes
7 Glenoid 10 mm medial 3 Removal of anchor Screwdriver 1 . 18
Glenoid
Sy . Yes
8 Glenoid rim 3 Removal of anchor Screwdriver 1 64
Humerus
Autol
L Removal of anchor utologous Yes
9 Glenoid rim 4 o . osteochondral 1 48
Revision Bankart repair Humerus
transfer system
10 Glenoid 5 mm medial 3 Removal of anchor Screwdriver 1 No 32
11 Glenoid 5 mm medial 3 Removal of anchor Screwdriver 1 No 36
Autologous ¥
es
12 Glenoid rim 4 Removal of anchor osteochondral 1 25
Humerus
transfer system
L . Yes
13 Glenoid rim 3 Removal of anchor Screwdriver 1 56
Humerus
Autologous -
es
14  Glenoid 10 mm medial 5 Removal of anchor osteochondral 1 60
Humerus
transfer system
Table 3. Clinical scores in preoperative and postoperative periods.
Preoperativel Postoperativel
P Y P ¥ Pvalue
mean * SD (range) mean * SD (range)
Constant score 68.43 £ 7.05 (59 - 83) 89.64 + 5.39 (82 - 98) <0.01
ASES score 64.00 + 7.14 (55 - 81) 89.07 + 3.89 (86 - 98) <0.01

ASES = American Shoulder and Elbow Society.

Reported rates of complications vary between 4.6% - 10.6% [11]. Careful se-
lection of patients, understanding and adherence of indications, good knowledge
of anatomy and appropriate patient positioning are useful measures that may aid

in reduction of complication rates [12]. In case complications occur, there is
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(b)

Figure 2. (a) Arthroscopic appearance of poorly positioned suture anchor (white arrow);
(b) Arthroscopic appearance of peripheral dilatation of poorly positioned suture anchor
with autologous osteochondral transfer system canula (white arrow).

mostly a lack of consensus on the method of management. Lack of guidance ne-
cessitates clarification for selection of the most appropriate method in the man-
agement of complications. Choice of metal or radiolucent implants can deter-
mine the follow-up of the position of implants in the postoperative period [11]
[12]. In our series, metal anchors aided the confirmation of diagnosis by radio-
logical methods in 3 cases, but it must not be neglected that confirmation of di-
agnosis required arthroscopy in 8 cases.

Zuckerman et al. reviewed 37 cases with glenohumeral joint complications af-
ter open surgery and revealed that ten patients had erosive changes in the hum-
eral head or the glenoid cavity associated with the incorrect placement of the
fixture [13]. Kaar ef al. studied 8 cases with complications after open surgery in
which metals utureanchors were used and showed that 3 cases developed serious
joint damage caused by a loose or exposed metal anchor [14]. Ejnisman et al
studied eight cases with complications due to the use of anchors in open and
arthroscopic surgeries and showed that all cases had chondral injuries of the
humeral head and 80% had chondral injuries of the glenoid cavity [15]. Our
study shows complications with the use of metal anchors. Of the 14 patients to-
tal, 11 had glenohumeral chondral damage in various grades.

Koss et al observed a case in which there was increasing pain and crepitus a

few weeks after open stabilization of a Bankart lesion [16]. The symptoms were
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more prominent in abduction and internal rotation of the arm. In our series, we
found that the most common symptoms were pain and metallic clicking sound.

Rhee et al reported performing the second surgery an average of 12 months
after primary surgery [17]. Ejnisman et al. reported that only one (12.5%) of the
eight patients was revised in the first six weeks, the remainder were revised after
three months [15]. The data in the literature regarding the time of the revision
are contradictory. In our study, the time between the first and second surgeries
was 5.5 months.

Even though recurrence after arthroscopic surgery is still a challenge, new
technology and improved surgical practice have yielded better functional results
with less morbidity. On the other hand, a meta-analysis by Lenters et al have
shown that arthroscopic suture techniques were linked with increased risks of
recurrent instability and dislocation compared to open technique [18]. Despite
this report, arthroscopic repair was found to provide better functional scores
than open surgical methods [6]. It must be remembered that arthroscopy offers a
better diagnostic ability, facility to repair all accompanying lesions, dimunition
of likelihood of stiffness, shorter time of surgery and less postoperative pain
compared to open technique. Technical errors such as poor positioning of the
anchors can lead to failure of arthroscopic Bankart repair even in patients with
appropriate indications [19]. In addition to poor positioning of the anchors,
insufficient number of suture anchors or inappropriate depth of knotless anc-
hors may be linked with recurrence [19]. Our case series denotes that poor posi-
tioning of suture anchors is not a rare entity that must be kept in mind while re-
visiting risk factors for failure of arthroscopic surgery. Identification of factors
underlying failure accurately is mandatory for establishment of correct man-
agement strategy.

Regarding clinical results, we observed that the arthroscopic Bankart repair
showed a significant improvement in outcome scores. The Constant and ASES
scores increased from 68.43 + 7.05 and 38.3 + 19.4, respectively, in the preopera-
tive evaluation t089.64 £ 5.39 and 89.07 + 3.89, respectively at the postoperative
follow-up (p < 0.01).

Limitation of our study includes the retrospective design and relatively small
number of patients in our series. This is high-volume surgeon operating in a
high-volume hospital, and studies have shown that these 2 factors contribute to
improved clinical outcomes. It is likely that surgeon and hospital volume af-
fected both the technical and operational efficiency and lowered our complica-
tion rates. As a result, relatively small number of patients was included in our
series. In addition, some details of history and factors that may influence the
outcome may not be completely documented. Due to these restrictions, associa-
tions should be interpreted with caution. Further prospective, controlled trials

on larger series are necessary for making more precise interpretations.

5. Conclusion

In conclusion, arthroscopic surgery may yield an effective surgical option for
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removal of poorly positioned and/or proud metallic suture anchors applied dur-
ing or after Bankart repair. However, further clinical reports on larger series are
warranted to document the efficacy of this procedure in selected cases.
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Abstract

Purpose: To evaluate the prevalence and clinical performance of obstructive
sleep apnoea syndrome (OSAS) in acromegalic patients, focusing on the
possible correlation between alterations of pulmonary microcirculation and
patient’s clinical and hormonal parameters. Methods: We enrolled 22 acro-
megalic patients with apnea hypopnea index (AHI) = 5 if symptomatic, or
215 in the absence of sleep related symptoms. Patients underwent the fol-
lowing evaluations: GH and IGF-1 serum levels, arterial blood gas test, spi-
rometry, carbon monoxide diffusing capacity (DLCO), home-based cardi-
orespiratory sleep and pulmonary function test. Results: The prevalence of
OSAS was 66.6%. Patients with a severe form of OSAS appeared to be affected
from acromegaly for more years than those with a lower severity of disease
and those with acromegaly duration > 10 years had significantly higher levels
of glycated hemoglobin. We observed a positive correlation between GH level
at diagnosis and DLCO value, showing that acromegalic patients have an in-
crease in static and dynamic respiratory volumes and alveolar-capillary ex-
change surface compared to the general population. We also observed a posi-
tive correlation between baseline serum IGF-1 level and DLCO/VA and be-
tween years of disease and DLCO/V A, showing the association of increased
lung volume and increase of the exchange surface. Conclusions: The results
of this study add new information on lung volume and alveolar gas exchange
in acromegaly. Our findings highlight the role of SSA as therapy with positive
impact on complication and comorbidities of acromegaly.

Keywords

Acromegaly, Obstructive Sleep Apnoea Syndrome, Growth Hormone,
Insulin-Like Growth Factor 1, Carbon Monoxide Diffusing Capacity

DOI: 10.4236/ijcm.2019.1010045  Oct. 23, 2019 553

International Journal of Clinical Medicine


https://www.scirp.org/journal/ijcm
https://doi.org/10.4236/ijcm.2019.1010045
https://www.scirp.org/
https://doi.org/10.4236/ijcm.2019.1010045
http://creativecommons.org/licenses/by/4.0/

V. Mercuri et al.

1. Introduction

Acromegaly is a severe disease characterized by hypersecretion of growth hor-
mone (GH), which induces the synthesis of peripheral insulin-like growth factor
1 (IGF-1) after the closure of the epiphyseal bone. Acromegaly is usually the re-
sult of a GH-secreting pituitary adenoma, which results in anatomical changes
and metabolic dysfunction. In rare cases, the disease is associated with excessive
production of GH-releasing hormone (GHRH), familial syndromes, including
multiple endocrine neoplasia type 1, McCune-Albright syndrome, familial acro-
megaly, and Carney’s syndrome. Extrapituitary ectopic hypersecretion of GH has
been reported in isolated cases of pancreatic islet-cell tumors or lymphoma.
Clinical manifestations of acromegaly range from subtle signs of acral over-
growth, soft tissue swelling, arthralgias, jaw prognathism, fasting hyperglycemia,
and hyperhidrosis to florid osteo-arthritis, frontal bone bossing, diabetes melli-
tus, hypertension, respiratory and heart failure [1] [2].

In recent years, there has been mounting interest in respiratory disorders
during sleep in patients with acromegaly. In fact the anatomical changes com-
monly occurring in patients with acromegaly, such as facial soft-tissue thicken-
ing (especially of the palate and uvula), may induce the onset of the obstructive
sleep apnoea syndrome (OSAS), due to hypercollapsibility of the posterior and
lateral hypopharyngeal walls, as well as to hypertrophy of the tongue [3].

Nocturnal breathing disorders affect the majority of patients with acromegaly.
Sleep apnoea syndrome (SAS), diagnosed by polysomnography, has been re-
ported in about 70% of patients with active acromegaly disease; the frequency,
however, ranges from 45% to 80% [3] [4]. SAS can be central or mixed, but it is
obstructive in most cases.

OSAS is a highly prevalent sleep disorder characterized by a transient cessa-
tion in breathing (apnea) or a significant reduction in breathing amplitude (hy-
popnea), due to recurrent episodes of upper airway obstruction and subsequent
recurrent arousal during sleep. This syndrome is characterized by daytime slee-
piness, non-restorative sleep, fatigue, insomnia, loud snoring, witnessed breath-
ing interruptions, morning headaches, and recurrent awakenings due to gasping
or choking in the presence of at least five obstructive respiratory events (apneas,
hypopneas, or respiratory effort-related arousals) per hour of sleep. The pres-
ence of 15 or more obstructive respiratory events per hour of sleep in absence of
sleep-related symptoms is also sufficient for a diagnosis of OSAS, due to the
greater association of this severe degree of obstruction with important complica-
tions, such as increased cardiovascular and metabolic disease risk [5]. Early
markers of pulmonary damage may however have a great importance in the di-
agnosis of OSAS, in order to institute prompt treatment.

The principal aim of this study was to further evaluate the prevalence and se-
condly the clinical performance of OSAS in relation to duration of acromegalic
disease. Moreover, we assessed the possible correlation between the alterations

in gaseous exchanges at the level of pulmonary microcirculation and the clinical
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and hormonal parameters, to identify possible early markers of pulmonary per-

formance damage.

2. Patients and Methods
2.1. Patients

Population: Patients referring to the Metabolic Emergencies-Pituitary Disease
Unit of the Department of Experimental Medicine, Policlinico Umberto
[-“Sapienza” University of Rome, were evaluated in this study. The local Ethical
Committee approved the study design, and all patients signed an informed con-
sent to the use of their data for research purposes.

Inclusion criteria: patients with the diagnosis of acromegaly (in agreement to
consensus on the medical treatment of acromegaly) (November 2014) [6].

Exclusion criteria: Patients affected from major systemic diseases such as ma-
lignant cancer, immune disorders, acute cardiovascular and cerebrovascular
diseases or other disorders correlated with apnea (e.g. hypothyroidism), or those
with intake of psychotropic drugs, alcoholism, smoking and other abuses, were
excluded. All patients were biochemically targeted for any other hormone defi-
ciency.

Baseline characteristics of study population are described in Table 1.

2.2. Diagnosis of Acromegaly

The diagnosis of acromegaly was performed on the bases of the latest available
guidelines, which, in patients with elevated or equivocal serum IGF-1 concentra-
tions, recommend confirmation of the diagnosis by finding lack of suppression
of GH to <0.4 pg/l, following documented hyperglycemia during an oral glucose
load (2 hours after 75 g of oral glucose) [6] [7] [8].

Table 1. Clinical data.

Study population
Number of patients (11 M and 11 F) 22
Age (years) 58.4+19.5
Mean DD 12.9 + 8.9 years
<10 years in 10/22 patients
>10 years in 12/22 patients
Incidence of OSAS 66.6% (15/22)
Mild grade 40% (6/15)
Moderate grade 26.6% (4/15)
Severe grade 33.3% (5/15)
HbA1lc (%) in OSAS patients with DD > 10 years 62+1.4
HbA1lc (%) in OSAS patients with DD < 10 years 5.1+0.5

DD: Duration of disease from diagnosis; HbAlc: glycated hemoglobin; OSAS: Obstructive Sleep Apnoea
Syndrome.
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Biochemical control of disease was defined on the basis of the determination
of IGF-1, age-related and expressed in ng/ml [6]. GH concentrations were not
used for the evaluation of the biochemical control of disease since seven patients

were treated with pegvisomant [6].

2.3.IGF-1 and GH Serum Assay

The determination of GH and IGF-1 run with chemiluminescent immunometric
assay (SIEMENS Immunolite 2000) was performed at the Laboratory of Clinical
Pathology of the Policlinico Umberto I.

The patients were referred to our Sleep Disorders Unit and underwent blood
sampling (for the assessment of GH and IGF-1 serum levels), arterial blood gas
test (ABG), spirometry, carbon monoxide diffusing capacity (DLCO) and
home-based cardiorespiratory sleep. The study protocol has been defined in
agreement with the ethical principles of the Helsinki Declaration. All patients

gave written informed consent for their participation in the study.

2.4. Home-Based Cardiorespiratory Sleep Study

A home-based cardiorespiratory sleep study was performed by using a SOMNO
screen device (SOMNO medics-GmbH, Randersacker, Germany). The study
recorded the following parameters: chest and abdominal movements, nasal flow,
body position, oxygen saturation, snoring, and heart rate. Daytime sleepiness
was assessed using the Epworth Sleepiness Scale (ESS) [9], and symptoms such
as daytime sleepiness, non-restorative sleep, fatigue, insomnia, snoring, wit-
nessed breathing interruptions, morning headaches, and recurrent awakenings
due to gasping or choking were recorded. Cardiorespiratory analysis was ex-
amined according to the American Academy of Sleep Medicine (AASM) 2007
guidelines [10].

Apnea was defined as the cessation of airflow for a period > 10 s, and hypop-
nea was defined either as the reduction of at least 30% of the airflow associated
with oxygen desaturation > 4% or as a 250% airflow reduction with a 23% oxy-
gen desaturation for =10 s. From each recording, we assessed the Apnea
Hypopnea Index (AHI; number of apneas and hypopneas per hour), percentage
of total sleep time passed with an oxygen saturation < 90% (T < 90%) and the
Oxygen Desaturation Index (ODI; number of oxygen desaturations per hour), as
parameters of disease severity. Inclusion criteria were AHI > 5 in symptomatic

patients or AHI > 15 in the absence of sleep related symptoms.

2.5. Pulmonary Function Test

Pulmonary function data were performed by standardized techniques using an
automated pulmonary function testing system (COSMED PFT, Pavona Italy).
The following tests were collected and standardized as percentages of predicted
normal values: spirometry, nitrogen washout and single-breath diffusing capaci-
ty (DLCO) [10] [11].
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3. Statistical Analysis

All data were tested to verify if assumptions of normality were true. The as-
sumptions of normality could not be assumed within the data set particularly
due to the small sample size. Therefore, nonparametric tests were used. Conti-
nuous data were compared using Wilcoxon rank-sum test. The Mann-Whitney
U test or the Kruskal-Wallis was used to assess differences between the two
groups (target and no target patients) and three groups according to OSAS se-
verity (mild, moderate and severe). Spearman’s rank order correlation coeffi-
cient (r) was used to test associations between numerical variables. Data are re-
ported as mean * standard error (SE). P values < 0.05 were considered signifi-
cant. Multivariate analysis was applied for the estimation of the relationships
between polysomnography variables, spirometry data and GH and IGF-1 serum
levels. A commercial software (SPSS version 20.0) was used for statistical analy-

sis.

4. Results

We selected 22 acromegalic patients, out of a total of 180 attending our Center,
on the basis of symptoms or signs of respiratory disorders, evaluating among
these the presence or absence of OSAS and the degree of severity.

The study included 22 acromegalic patients (11 males and 11 females). Table
1 shows baseline characteristics of study population.

At enrolment, the mean duration of disease from diagnosis (DD) was 12.9 +
8.9 years (>10 years in 12/22 subjects). All patients presented biochemical con-
trol of acromegalic disease, with normal age-adjusted levels of IGF-1.

The prevalence of OSAS was 66.6% (15/22 of cases).

In more details, 40% of them (6/15) showed a mild OSAS grade (AHI 10.6 + 2
events per hour), 26.6% (4/15) a moderate grade (AHI 19.9 + 4.4 events per
hour) and 33.3% (5/15) a severe OSAS (AHI 41.1 + 9.9 events per hour) (Table
1).

When stratifying patients according to OSAS severity (mild, moderate, se-
vere), we observed that severe OSAS patients appear to have been affected by
acromegaly for several years (determined illness plus suspected disease) (20.4 +
9.4 years vs 14.7 £ 5.2 vs 34.1 + 17.5; p = 0.05).

Significantly higher values of glycated hemoglobin (HbAlc) were found in
OSAS patients with acromegaly duration > 10 years compared with those with
<10 years of disease (6.2 + 1.4 vs 5.1 £ 0.5; p = 0.01) (Table 1).

Spirometry data of our patients showed the following values: forced vital ca-
pacity (FVC) (L) 4.32 £ 1.6, FVC % 116.3 + 21.6, forced expiratory volume in 1
second (FEV1) (L) 3.3+ 1.7, FEV1 % 110.4 + 21, FEV1/FVC % 77.67 + 7.7, total
lung capacity (TLC) % 105.2 = 27.9, DLCO % 100 * 27.9.

We disclosed a positive correlation between serum GH level at the time of the
acromegaly diagnosis and DLCO value (110.1 £ 27.9) (p = 0.04). A further posi-

tive correlation was demonstrated between baseline serum IGF-1 level and
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DLCO/alveolar volume (VA) value and between years disease (illness plus sus-
pected disease) and DLCO/V A (103.5 + 17.9; p = 0.04).

A negative correlation between the average of the last three determinations of
serum IGE-1 levels, the values of serum bicarbonates (HCO®* ) (26.5 + 2.1; p=
0.04) and carbon dioxide (pCO,) (40.6 + 4.3; p = 0.019) was reported in all pa-
tients included in the study.

Lastly, in target patients the average of the last three determinations of serum
IGF-1 level correlated negatively with the partial pressure of pCO,, determined
at the time of enrolment with arterial blood gas test (41 + 4.1 mmHg; p = 0.01).

5. Discussion

OSAS is a common disorder characterized by recurrent episodes of apnea or
hypopnea, due to total or partial pharyngeal collapse and temporary upper air-
way obstruction during sleep, resulting in frequent episodes of hypoxemia and
hypercapnia. Some endocrine and metabolic disorders (obesity, acromegaly,
hypothyroidism, etc.) are associated with a high frequency of OSAS, and treat-
ment of the underlying endocrine disorder can improve sleep disorders [12] [13]
[14] [15].

Two hypothesis was proposed to explain the high prevalence of OSAS in
acromegaly: 1) the influence of abnormal levels of pituitary hormones on im-
paired respiratory control; 2) the anatomical changes in the upper airways body
changes are derived especially from skeletal growth and soft tissue enlargement,
which is subtle in the early stage of disease [16] [17].

Facial changes include anatomical disorders (large lips and noses, macroglos-
sia, mandibular overgrowth with prognathism, maxillary widening ...). Dosta-
lova S. et al argue that these anatomical disorders are not sufficient to cause
OSAS, while soft tissue thickening is the more evident contributor to OSAS on-
set [18].

In several prospective or retrospective studies, the prevalence of OSAS in
acromegaly is around 69% [19], vs 66.6% in ours. In more details, 40% af-
fected by mild OSAS, 26.6% by moderate and 33.3% by severe. Roemmler J. ef al
showed a positive correlation between respiratory disturbance index (RDI) and
acromegalic disease activity, but not with the duration of the disease [20]. Another
study reported a positive correlation between the severity of sleep-disordered
breathing and duration of acromegaly in patients with active disease. Stratifying
OSAS patients according to disease severity we observed that severe OSAS pa-
tients appear to be affected from acromegaly for more years than those with a
lower severity of disease [21] [22].

Previous studies suggest that enhanced lung growth in acromegalic patients is
associated with either a normal or above normal pulmonary transfer factor in
pulmonary function test. Brody et al suggest either alveolar hypertrophy or
hyperplasia as the mechanism for lung growth in this condition. In fact, normal

postnatal lung growth occurs in two major stages: the former, primarily asso-
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ciated with an increase in alveolar numbers, the latter correlated with an increase
of alveolar size. Growth hormone excess resulted in the formation of new alveoli
and new surface for gas exchange, therefore diffusing capacity (DL) should be
increased in the acromegalic subjects. On the other hand, normal DL suggests
that lung growth was associated with increased alveolar size; the increased al-
veolar volume or size of the pulmonary capillary bed was offset by the effects of
increased cell size and interstitial tissue in impeding diffusion [23].

In our study we found a positive correlation between serum GH level at acro-
megaly diagnosis and DLCO. Our results showed that the static and dynamic
respiratory volumes and alveolar-capillary exchange surface are increased if
compared with the general population (adjusted for gender, age and weight) as
shown by TLC%, FEV1 (in liters and %), FVC (in liters and %) and DLCO%.

Another hormone involved in tissue growth is IGF-1, which is generally ac-
cepted as a central mediator of metabolic, endocrine, and anabolic effects of GH.
Moreover, an association of circulating IGF-I levels and effects on muscular
strength of rehabilitation programs in patients with chronic obstructive pulmo-
nary disease has been described [24] [25].

Glaser et al reported a positive association between IGF-1 serum levels and
higher lung volumes in men of all ages and women older than 50 years. IGF-1
serum values or increasing lung volumes were not associated with increased
strength of respiratory muscles [26].

To this end, our results show positive correlation between baseline serum
IGF-1 levels, DLCO/VA value and between years of disease (illness plus sus-
pected disease) and DLCO/VA showing the association of increased lung vo-
lume and increase of the exchange surface (alveolar hypertrophy or hyperplasia).

The duration of the disease, as expected, plays an important role on the altera-
tions of respiratory function in acromegalic patient. In fact, our data show that
longer duration of illness is correlated with increased incidence of OSAS.

IGF-1 exerts multiple physiological effects on the vascular system, including
proliferative, hypertrophic, survival, vasomotor and metabolic effects. The ex-
pression of IGF-1, IGF-1R, and IGFBPs in the blood vessels is regulated by mul-
tiple factors, including growth factors, cytokines, lipoproteins, reactive oxygen
species and hemodynamic forces. The close interaction between IGF-1 and other
growth factors system at the level of receptor-ligand and at the level of
post-receptor signaling pathways has important implications in the understand-
ing of the involvement of IGF-1 system in vascular diseases. Although recent
studies have indicated that IGF-1 has a strong effect on angiogenesis [27] [28], it
has been reported that IGF-1 can induce angiogenesis in skeletal muscle and
brain tissue. This mechanism may also be present in the lung, thus justifying the
increase in DLCO in patients with OSAS by increased alveolar capillarization.

Therefore, some authors demonstrated in male volunteers with high IGF-1
levels ratio values higher FEV1 and FVC values [26].

Increase in lung size has been described in acromegalic patients, but data on

respiratory muscle function and control of breathing are relatively scant. Some

DOI: 10.4236/ijcm.2019.1010045

559 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2019.1010045

V. Mercuri et al.

patients with acromegaly show decreased respiratory muscle strength, although
the magnitude of this change has not been significantly correlated with the in-
crease in lung volume, or with measurements of arterial PaCO, and Pa0,) [29].
Peripheral (muscular) factors appear to modulate a normal central motor output
to give a more rapid pattern of breathing. Varying levels of hypoxemia with in-
creased alveolar-arterial oxygen gradients have been described in patients with
acromegaly, thereby suggesting disturbance of the ventilation/perfusion rela-
tionship [30].

As a further support of a possible alteration of the ventilation/perfusion and of
a more rapid pattern of breathing, our data showed a negative correlation be-
tween the average of the last three determinations of serum IGF-1 level and the
concentration of serum bicarbonates (HCO® ) and CO. Last, in target patients
the average of the last three determinations of serum IGF-1 level correlates nega-
tively with the partial pressure of carbon dioxide, determined at enrolment with
arterial blood gas test. Given the trend of bicarbonate and arterial carbon dioxide
values in relation to hormonal IGF-1 values, we could speculate that in acrome-
galic patients the anatomical and functional changes of the lung can lead to a
pattern of hyperventilation, despite the present diagnosis of OSAS. Different
studies report the effects of GH/IGF-1 administration on the renal and systemic
regulation of acid-base homeostasis.

The finding that GH administration results in markedly increased rates of
renal hydrogen secretion and sodium chloride reabsorption, sufficient to cause
these effects: 1) an increase in net acid excretion despite reclamation of an in-
creased filtered load of bicarbonate; 2) an expanded extracellular fluid volume,
as evidenced by weight gain and sodium retention despite an increased filtered
sodium load, cannot be explained by the effects of enhanced mineral or gluco-
corticoid activities which decreased in response to GH [31] [32].

In contrast to these data we found in the acromegalic group bicarbonate val-
ues not very high compared with hormonal values, likely because such data were
biased by the use of specific drugs such as somatostatin analogues, bromocrip-
tine and receptor antagonists for the hormone growth or because the patients

had been subjected to surgical intervention.

6. Conclusions

Our data are consistent with current literature on the prevalence, disease dura-
tion, body mass index (BMI), gender, neck circumference and Epworth Score of
OSAS in patients with acromegaly, and do not show a statistically significant
correlation with disease control. They also add new information on lung vo-
lumes and the alveolar gas exchange.

In relation to the therapy in acromegalic patients with OSAS, there is an un-
ambiguous suggestion. Our study, however, has highlighted the role of the so-
matostatin analogues (SSAs) as therapy with a positive impact on complications
and comorbidities of acromegalic disease. In the respiratory system, in fact, these

molecules reduce the tissue turgidity and the sensitivity of chemoreceptors to
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hypoxia by improving breathing. Moreover, the effectiveness of SSAs as antino-
ciceptive and analgesic on headache symptoms is underlined, further to the al-
ready known effects of shrinkage of pituitary adenoma and biochemical control
of disease. For this reason, we are evaluating for a subsequent work the compar-
ison of respiratory parameters in naively acromegalic patients versus patients in
therapy with SSAs.

As recommended since the guidelines of Versailles in 2003 [7], given the pre-
valence of OSAS in acromegaly and associated comorbidities, it is mandatory to
perform a polysomnographic examination in all patients with acromegaly at di-
agnosis and during the follow-up. In fact, since 25% of the mortality is due to
respiratory disorders, early diagnosis of OSAS not only improves life expectancy
and quality of life of patients, but also contributes to the reduction of cardiovas-

cular risk with considerable impact on health care costs.
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Abstract

Sepsis has been redefined as a disorder of host response to infection, systemic
circulation and cell/metabolic abnormalities. Exosomes are small (30 - 150
nm) vesicles produced by all cells under physiological and pathological con-
ditions, with the potential to transfer proteins, lipids, small RNAs, messenger
RNAs, or DNA between cells. Exosomes are natural cargoes for proteins,
carbohydrates, nucleic acids and lipids. Exosomes play a central role in cellu-
lar communication and contribute to many pathophysiological processes, in-
cluding immune responses and tumor progression. Exosomes have made
great progress in many subject areas, and their potential role in sepsis is now
being explored. In this review, several topics are mentioned. Firstly, we dis-
cuss the biological characteristics and functions of exosomes. Next, we focus
on the diagnostic and therapeutic potential of exosomes in sepsis. Finally, we
discuss some of the problems encountered by the current exosomes research
institute. Therefore, the exosomes with combined diagnostic and therapeutic
functions play a huge clinical application for the future research in sepsis.

Keywords

Exosomes, Sepsis, Biological Function, Targeted Vector, Inflammation

1. Introduction

Exosomes are natural carriers of many signaling molecules, including lipids,
proteins, DNA, mRNA, miRNA, and siRNA. They can smoothly pass through
the circulation without degration by enzymes and thus transmit important me-
diators between cells [1]. Multi-functional circulating exosomes with various

subtypes have been identified in many lesions such as cardiovascular, infectious
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and autoimmune diseases. In addition, exosomes are also involved in adaptive
immune response through the regulation of antigen presentation [2]. Sepsis re-
mains a global medical problem, early diagnosis of which can inhibit its progres-
sion and improve outcomes [3]. However, the initiation or suspension of clinical
interventions is still suffering from the lack of markers with high sensitivity and
specificity. Accumulating evidence suggests that exosomes can be served as an
attractive candidate for the treatment of sepsis. This review summarizes the bio-

logical behavior and application of exosomes [4].

2. Formation and Composition of Exosomes

2.1. Formation of Exosomes

Exosomes are small vesicles covered by plasma membrane [5]. The formation
process of exosomes is complex and orderly. The intravesicular membrane is
firstly inwardly depressed to form luminal vesicles, then multivesicular bodies
are formed. When these polyvesicles are fused with lysosomes, they are degraded
or recirculated and fused to the membrane, and then induced by endosomal
sorting complex required for transport (ESCRT). The internal buds form granu-
lar vesicles, which are released into the extracellular environment and called ex-

osomes [6].

2.2. Composition of Exosomes

Exosomes are mainly composed of lipids, proteins, mRNA, miRNAs, and long
non-coding RNAs (IncRNAs) [7]. These components are essential for the unique
biological functions of exosomes. The hydrophilic and lipophilic outer shell of
exosomesis valuable in shuttling through hydrophilic and hydrophobic struc-
tures in the body fluid circulation [8].Nucleic acids, including mRNA, micro-
RNA, and IncRNA, can be absorbed by the recipient cells through fusion with
the target cell membrane, thereby activating the signaling pathway and control-
ling the protein expression [9]. A variety of protein components on the surface
of exosomes such as (CD9, CD63, CD81), Alix, HSP70, HSP90 and GTPase have
a labeling effect.

2.3. Biological Roles in Exocytosis and Sepsis

The content function of the exosomes and the mechanical properties of the
membrane are being unveiled [10]. The exosomal function of different subpo-
pulations varies between different donor/recipient cells and the tissue microen-
vironment. Under the influence of pathophysiological factors, donor cells load
specific cargoes such as functional RNAs (miRNAs and mRNAs) and proteins
into exosomes. Exosomes transport these cargoes to the recipient cells, causing
subsequent genetic and phenotype changes [11]. The intercellular communica-
tion mediated by exosomes in sepsis is mainly through activation of target cell
surface receptors, which induces cells to cope with changes in the external envi-

ronment. After fusion with the recipient cells, the contents of the vesicles, such
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as microRNAs (miRNAs) or mRNAs and proteins, are transported to the cytop-
lasm [12]. Table 1 identifies the current exosomes with diagnostic value for sep-
sis in the study of exosomes.

As long as the donor cells are free of apoptosis and necrosis in the body, the
exosomes secreted by it can persist in body fluids and maintain a stable concen-
tration.

As donor cells, whatever conditions, can secrete exosomes, the concentration
of which remains steady. These unique features of exosomes make them ideal

carriers for anti-sepsis drugs [13].

3. Exosomes and Sepsis

3.1. Exosomes Participate in the Onset Process of Sepsis

Sepsis is defined as a life-threatening organ dysfunction caused by the host’s dy-
sregulation of immune response. However, our current understanding of its

process, including early diagnosis, treatment, and prognosis evaluation, is still

Table 1. Exosome in body fluids as biomarkers of sepsis.

Associated Protein,

. Findings Effects
mRNAs or miR
miR-15a Differentially expressed Inhibits angiogenesis through
in adult a neonatal sepsis direct targeting of VEGF and FGF [33]

. in mice exposed expression was shown to be

miR-16a . . :
to lipopolysaccharides up-regulated Following CLP [34]

' in the whole blood we're signiﬁcantly up—regul'flted

miR-17 in the microarray analysis

of mice after CLP . .
in mice subcutaneously [35]

ignificantly up-regul
. in the whole blood we.re signi %cant y up-regu iated
miR-20a/b in the microarray analysis

of mice after CLP X i
in mice subcutaneously [35]

with higher mortality in

miR-21 in late sepsis of mice o
LPS-peritonitis model [36]
Predicted mortality and
miR-146a patients with severe sepsi treatment outcomes induced
by severe sepsis and sepsis.
. . . . associated with survival rate in
miR-150 in septic patients . . .
patients with sepsis [37]
only significantly expressed
miR-195 mice with CLP VSl Y exp
in the CLP model
. patients with mild sepsis as novel diagnostic
miR-223 . . . .
severe sepsis and septic shock biomarkers of sepsis [38]
ATF3 mice an interesting sepsis-AKI biomarker [39]
otential classifier to monitor clinical
SPTLC3 sepsis patient P

progression of sepsis [40]

miR = microRNA, ATF3 = Activating transcription factor 3 RNA, SPTLC3 = Serine Palmitoyltransferase,
Long Chain Base Subunit 3.
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unclear. Almost all cells secrete exosomes, which are present throughout the
body fluid circulation and mediate many aspects of disease development and
progression by mediating cell-to-cell signaling [14] The currently evolving bio-
technology of nanotechnology and genomics and proteomics provide the direc-
tions to target therapeutic agents in septic patients (Table 2).

In the setting of activation and apoptosis, exosomes are released and express
specific membrane epitopes as their parental cells. The prospect for exosomes
use in septic patients is bright, ranging from rapid and precise diagnostics [15].
Platelet-derived exosomes are isolated from patients with sepsis. These exosomes
can produce oxidative enzymes in vascular endothelial cells and smooth muscle
cells, induce apoptosis of vascular cells, suggesting a process of sepsis and septic
shock. Platelet-derived exosomes may mediate vascular dysfunction through re-
dox signaling pathways. During sepsis, platelets exposed to NO (nitric oxide)
donors and LPS (lipopolysaccharide) secrete exosomes that activate caspase-3
and produce superoxide, NO and peroxynitrite. The base anion induces apopto-
sis, suggesting that platelet-derived exosomes can mediate vascular injury in a

pathological, rather than physiological, environment. The anti-apoptotic effect

Table 2. Exosomes as therapeutic drug carriers and delivery vehicle.

Associated Protein,

. Findings Effects
mRNASs or miR
. . . affected the antiviral
miR-26b mice with CLP
response of the host
. in the lungs up regulated in the
miR-27a I :
of septic mice progression to shock
miR-34a in murine sebsis Regulate vascular
iR- in muri i
P endothelial cell senescence
miR-106a/b in whole. Promote phagoc?rtosis of macrophages
blood of mice by targeting SIRPa [41]
Attenuates the increase in plasma
miR-126 in murine sepsis levels of cytokines and

NADPH oxidase

miR-223

MFG-E8

ADMSC

patients with
diagnosis of septic
shock

in CLP mice

rats by CLP

patients with
diagnosis of
septic shock

chemokines induced by sepsis

Improve dysfunction of heart and
papillary muscles in
patients with sepsis [42]

play an important role in MSC-induced
cardioprotection in sepsis [43]

Reduce the level of inflammatory
cytokines and increase the survival
rate of experimental animals [44]

Improve dysfunction of heart and papillary
muscles in patientswith sepsis [45]

miR = microRNA, NADPH oxidase = Nicotinamide-adenine dinucleotide-phosphate hydrogen oxidase,
MEFG-E8 = Milk-fat-globule epidermal-growth factor-factor VIII, ADMSC = Adipose-derived mesenchymal
stem cell.
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of plasma-derived circulating exosomes on T lymphocytes in patients with sepsis
can down-regulate the mRNA and protein levels of pro-apoptotic genes, and
up-regulate the mRNA and protein levels of anti-apoptotic genes. Finally, it in-
hibits apoptosis of septic cells. These findings suggest that tissue vascular injury,
apoptosis, and inflammatory responses in sepsis/septic shock are closely related

to exosomes released by various effector cells in vivo [16].

3.2. Exosomes Can Be Used as Biomarkers for the Diagnosis of
Sepsis

The high mortality rate of sepsis is closely related to complications, and sepsis
cardiomyopathy is the main complication. In sepsis, the vascular endothelial
physiology changes due to damage to the cardiovascular system, such as de-
creased Ca*" response, mitochondrial dysfunction, and decreased S-adrenergic
receptor response. Exosomes play an important role in the pathophysiology of
the disease. When platelets are activated in sepsis, exosomes containing high
concentrations of NADPH are released into the blood vessels of the heart, lead-
ing to cardiac function damage and failure.

Exosomes are released from the cells into the blood circulation. By detecting
the content of some exosomes-including proteins and RNA in the body fluids,
some diseases can be predicted before onset of clinical symptoms [17]. There
was a highly significant correlation between the transit of exosomes-derived
miRNAs and inflammatory responses, oxidative stress, and cell cycle regulation
in patients with septic shock [18]. Exosomes can be detected in the setting of
trauma and stress and maintain a certain concentration level even in lethal
illness. From organ dysfunction to failure, exosomes are likely to play a moni-
toring and regulatory role, and also play an important role in predicting the
outcome of the disease. Exosomal expression can be detected in sepsis. When
animals are exposed to Gram-negative or Gram-positive infections, miRNA-16,
miRNA-17, miRNA-20a, miRNA-20b, miRNA-26a and miRNA-26b can be ab-
normally elevated [19]. The plasma expression levels of miR-15a, miR-27a and
miR-34a in exosomes are also closely related to the severity of sepsis develop-
ment. These expressions of miRNA can be consistent with the changes of pa-
tients with sepsis. The level of miRNA in the plasma of patients with severe sep-
sis complicated with shock may change, which may provide more value for fur-
ther study of the pathogenesis of sepsis endothelial dysfunction.

To this end, if the expression of miRNA is quantified, foreign miRNA expres-
sion can be used as a good biomarker for evaluating, monitoring and optimizing

intensive treatment of sepsis in future critically ill patients.

3.3. Exosomes Are Expected to Be a New Treatment for Sepsis

Exosomes have the biological activity of substance transfer between cells, with
the great potential of becoming therapeutic drug carriers. Exosomes can act as a
mediator between cells and organs, regulating the biological activities of various

substances involved in communication and signaling between cells. By upregu-
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lating miR-21 to increase its expression, it can reduce apoptosis and reduce the
production of pro-inflammatory factors. Protecting organ damage in local and
distal areas of sepsis may be a potential treatment for sepsis [20]. As an impor-
tant inclusion in exosomes, miRNA is involved in the regulation of each cellular
process. Their expression changes are related to the occurrence, development
and repair of many diseases and are important regulators in physiological and
pathological processes. MiR-21 may act as a protective molecular medium be-
tween damaged tissues and organs. It is expected to be a targeted treatment for
sepsis.

MiR-146a enhances the effect of IL-15 on macrophage anti-sepsis infection.
MiR-146a is a relatively important anti-inflammatory miRNA, and this exosome
MiR-146a is greatly up-regulated due to inflammatory irritation.MiR-146a im-
proves sexual performance and improves survival in mice with sepsis [21]. Al-
though the mechanism for this study has not yet been fully elucidated, it can
provide a new treatment for inflammatory disorders.MiR-145 can ameliorate
sepsis-induced lung injury by inhibiting TGFBR2 signaling, and attenuate
LPS-induced inflammation in mice by down-regulating IL-2 and TNF-a secre-
tion, The overall survival rate of sepsis mice with lung injury was prolonged
[22].

The circulating exosomes are rich in various types of biomolecules, affecting
myocardial cell function, reducing the degree of myocardial infarction, reducing
myocardial ischemia-reperfusion injury, and promoting myocardial regenera-
tion and repair. And it is expected to be a specific biomarker for cardiovascular
disease diagnosis, risk stratification and prognosis [23].

The use of proteins and nucleic acid components in exosomes as drug carriers
and targeting tools for the treatment of sepsis is still being studied and discov-
ered. The above studies suggest that it is effective to increase the content of some
protective exosomes, thus avoiding the occurrence of multiple organ failure in

sepsis.

3.4. Exosomes Play a Role in Important Organ Damage in Patients
with Sepsis

Recently, sepsis has been redefined as a disorder of host response to infection,
systemic circulation and cell/metabolic abnormalities, and its severity and clini-
cal treatment depend largely on the organ dysfunction state of the patient. Every
time an organ failure occurs, the probability of death will increase significantly
[24]. Exosomes are released at different concentrations in healthy subjects and
diseased populations, and the concentrations released into the circulation in dif-
ferent diseases are also different. Intratracheal instillation of extracellular vesicles
derived from bone marrow mesenchymal stem cells can alleviate lung inflamma-
tion and edema caused by acute lung injury by inducing expression of keratino-
cyte growth factor [25]. The plasma concentrations of N-terminal B-type natri-
uretic peptide (NT-proBNP) and hypersensitive troponin T (hs-cTnT) in circu-

lating blood in patients with severe sepsis or septic shock can follow the occur-
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rence of acute myocardial infarction, therefore, exosomes can be used as a mul-
tifunctional clinical indicator of early ischemic myocardial injury in intensive
care [26].

Zhou found in the experiment that exosomes miR-126-5p and 3p can inhibit
LPS-induced human microvascular endothelial cells (HMVECs) high mobility
group protein bl (HMGBL1) and vascular cell adhesion molecule 1 (VCAM]1) le-
vels, It was confirmed that the use of EPR exosomes to deliver miR-126 can pre-
vent microvascular dysfunction, attenuate the increase in plasma cytokine and
chemokine levels induced by sepsis, inhibit lung and renal vascular leakage in
vital organs, and improve the survival rate of mice with sepsis [27]. In the mouse
kidney ischemia/reperfusion injury model, the level of urinary extracellular
ATF3 (activating transcription factor 3) was detected to be higher than normal
before serum creatinine concentration had increased [28]. This finding suggests
that extracellular ATF3 is more sensitive as a biomarker in early acute kidney
injury than traditional clinical biomarkers, suggesting that exosomes are ex-
pected to be an effective tool for the diagnosis/treatment of early acute kidney

injury in further studies.

4., Current Problems

However, there are many problems and challenges in the study of exosomes.
How to separate pure exosomes from various body fluids is a key issue. Present-
ly, exosome extraction methods are mainly in five categories, namely, ultracen-
trifugation, precipitation, immunoadsorption, ultrafiltration, and microfluidic
separation techniques [29]. Although differential centrifugation and ultracentri-
fugation are the most commonly used techniques in clinical laboratories. How-
ever, this method has certain limitations due to its protein contamination and
yield problems [30]. New methods such as density gradient centrifugation, while
overcoming the above limitations, are complicated in steps, and the experimen-
tal process takes a long time and cannot be applied to the clinic. There are many
reports on the relationship between extracellular vesicle biomarkers and various
diseases. However, the results of individual studies vary widely, probably due to
the differences of exosome in extraction and purification methods [31]. Due to
the complex structure, variable composition and versatility of exosomes, ex-
osomes in these natural states are difficult to be used as targeting targets for
drugs. At the same time, most of these studies are preliminary, only in animal

models, and further research is needed to translate into clinical applications.

5. Conclusion and Outlook

Although the pathogenesis and clinical treatment of sepsis have made great
progress, the mortality rate of sepsis has not decreased [32]. So far, some indica-
tors of sepsis have been used only to determine the presence of organ failure and
to assess the patient’s clinical outcome. Exosomes can play a huge potential as a

disease-specific biomarker and a carrier for the treatment of sepsis/septic shock.
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It is a hot research topic to make full use of the unique biological function of ex-
osomes and to study and elucidate the mechanism of sepsis from different levels
such as cells and molecules. It will provide new help for targeted specific treat-

ment of sepsis/infectious shock.
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