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Aims and scope

The Journal of Interdisciplinary Medicine aims to publish
top quality papers related to any fields of medicine that
present an interdisciplinary dimension.

The journal will mainly focus on recent advances in
the field of diagnosis and treatment of the most common
situations encountered in the clinical or research prac-
tice. Interdisciplinary approaches will be extremely wel-
comed, presenting new advances in the approach of dif-
ferent pathologies from the perspective of various clinical
fields.

The Journal of Interdisciplinary Medicine will publish
high-quality basic and clinical research related to interdis-

ciplinary medical fields, in a common approach that will
integrate the clinical studies with the pre-clinical work
dedicated to the discovery of new mechanisms involved in
the development and progression of a large spectrum of
diseases.

The journal will try to provide the entire medical com-
munity with the perspective of the regional specifics of
Central and Eastern European countries. The journal will
primarily focus on publishing original research papers, but
also other types of materials (such as review articles, case
reports, state-of-the-art papers, comments to editor, etc)
will be extremely welcomed.






§ sciendo

FROM THE EDITOR

Journal of
J l M Interdisciplinary
Medicine

JIM at the Interface Between
Two Healthcare Systems

Theodora Benedek

Editor-in-Chief, Journal of Interdisciplinary Medicine

CORRESPONDENCE

Thedora Benedek

Str. Gheorghe Marinescu nr. 38
540138 Targu Mures, Romania

Tel: +40 265 215 551

E-mail: theodora.benedek@gmail.com

The year 2020 has been a real challenge for many systems of our society, and
especially for the healthcare system. The COVID-19 pandemic impacted health,
economy, tourism, transport, hospitality industry, and many others.! From the
perspective of a medical care provider, this pandemic has changed the way we
practice medicine.

On one hand, there was a dramatic decrease in the proportion of patients
with different emergencies (other than COVID-19) who presented to the hos-
pitals, due to fear from the new coronavirus. To a certain extent, people started
to consider hospitals dangerous places instead of locations providing safety and
health, and preferred to stay home even though they were aware of the risk
of lacking appropriate care.> At the same time, a significant number of medi-
cal practitioners became infected by the SARS-CoV-2 virus, and some of them
died, even at a young age, raising a serious alerting signal for the medical com-
munity.? In several countries, the healthcare system was close to collapse as a
result of a very high number of critical cases requiring mechanical ventilation
and insufficient infrastructure in the intensive care units.# At the same time,
several countries faced the challenge of many medical practitioners resigning,
leaving the system in deficit at the level of its most precious resource - the
qualified human force.

This sanitary crisis will for sure change the way we practice medicine in the
future. One of the most probable directions of development is the field of tele-
medicine applications and digital medicine. This new type of medicine reduces
the direct contact between the doctor and the patient and allows remote moni-
toring of patients with known diseases, avoiding the risk of viral contamina-
tion for the doctor and the patient. This is a significant paradigm shift from
traditional medicine, which was based on physical consultation associated with
modern technology for diagnosis and treatment. The healthcare system based
on face-to-face interaction between the patient and the physician starts to be
replaced by a new healthcare system, based on digital interaction.> However,
not all diseases may be diagnosed via telemedicine, some of them requiring
advanced imaging techniques for which the physical presence of the patient is
mandatory. This is also the case for many diseases requiring interventional or
surgical treatment.

In the attempt to reflect the current trends in the field of interdisciplinary
medicine, starting with 2021, the Journal of Interdisciplinary Medicine will give



the highest priority to articles addressing new applications
of telemedicine and digital medicine that may represent a
significant step forward in the current revolution of health-
care forced by the COVID-19 pandemic. These articles will
be subject to an expedited review using a dedicated fast-
track system and will be followed by invitations for edito-
rial comments using social media channels. Starting with
the first issue of 2021, JIM will introduce its new Inter-DIGI
platform, which will integrate the articles, reviews, and
comments on topics related to digital applications of inter-
disciplinary medicine. By this, we aim to align our efforts
with the ones of the entire medical community in the fight
against the devastating COVID-19 pandemic, at the same
time keeping our readers updated with the current progress
of innovative applications in medical technology.
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ABSTRACT

Objective: To review the recent trends in methodology for the most frequent oncological surger-
ies. More specifically, this paper will compare the minimally invasive methods to the conventional
open method. It aims to find out whether minimally invasive surgeries are feasible treatments
for certain types of cancers. Methods: A review of retrospective studies searched in PubMed,
Cochrane Library etc. was used to identify the studies published on this topic within a period of
6 years. Oncologic outcomes, postoperative complications/outcomes, and intraoperative out-
comes were the main variables in the comparison to the surgical methods under review. Con-
clusion: Despite the recent controversy with minimally invasive surgery being contraindicated
for cervical cancer, it is still an acceptable method for other types of common cancers. However,
there are limitations to the approach, and the surgeon should make a prudent selection between
minimally invasive and open surgery depending on the type of tumor and patient characteristics.
Further studies, especially with randomized control trials, must be conducted.

Keywords: surgery, minimally invasive, oncology, review

INTRODUCTION

In recent years, there has been controversy over whether or not minimally in-
vasive surgery (MIS) should remain the gold standard for many surgical proce-
dures, in particular, for radical hysterectomies. The issue was brought to light
by two studies in The New England Journal of Medicine, which established that
minimally invasive radical hysterectomy was associated with a lower disease-
free survival rate than open surgery.l? For a number of years, the National
Comprehensive Cancer Network (NCCN) guidelines have stated that robotic
radical hysterectomies were the recommended approach for patients with cer-
vical cancer, citing the benefits of such an approach.> However, it seems that
with the shocking revelation of the dangers of minimally invasive hysterecto-
mies, surgeons should reevaluate their methodology of choice for other surgical
procedures as well. Thus, in accordance with what may be a rapid and prema-

Journal of Interdisciplinary Medicine 2020;5(4):129-136 DOI: 10.2478/jim-2020-0032
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ture adoption of robotics in the field of medicine, an up-
dated review is needed to evaluate the efficacy of MIS in
the treatment of other oncological diseases and determine
what should be the gold standard method.

Foundational Information on MIS

MIS emerged in the 1980s to create a safer and more effec-
tive form of surgery compared to traditional open surgery.
It was designed to meet the surgical needs of many pa-
tients. MIS can commonly be separated into three forms:
laparoscopic surgery, endoscopic surgery, and robotic
surgery.* Laparoscopic surgery is performed through one
or more small incisions, using small tubes, tiny cameras,
and surgical instruments. Endoscopic surgery is a diag-
nostic and therapeutic procedure performed through the
body’s organs and vessels. Robotic surgery is a magnified,
3D view of the surgical sites to help the surgeon operate
with precision, flexibility, and control. It has recently be-
come quite prevalent as it resulted in smaller incisions and
shorter hospital stay. It has also been attributed to lower
risk compared to that of traditional open surgery, with a
reduction of operative traumatic damage.

Public View on MIS

From the surgeons’ perspective, MIS is less preferred
than open surgery. However, that may be different from
the public view of MIS. As John Wickham stated in 1987,
“Surgeons applaud large incisions and denigrate keyhole
surgery. Patients, in contrast, want the smallest wound
possible, and we at Britain’s first department of minimally
invasive surgery are convinced that patients are right.”> The
patients definitely prefer MIS as it usually results in shorter
hospital stay, smaller incision, and smaller scars. According
to a study by Haws et al., patients are very heavily swayed
by long-term outcomes, surgeons’ recommendations, and
risk of complications for both open surgery and MIS. The
majority of patients were convinced that open surgeries
are more painful (83.8%), have an increased risk of com-
plications (78.5%), increased recovery time (89.3%), and
increased costs (68.1%).6 Overall, especially for spinal sur-
gery, MIS is perceived by patients as a more suitable and
better option than open surgery.

Methodology

The sources that we used to compile our data were The
Cochrane Library, Pubmed, The New England Journal
of Medicine, and PLOS ONE. We compiled a list of the
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most frequent operating room procedures and the most
common types of cancers, and from the overlap, we de-
termined the final list of surgeries for this study. Then, we
compared search results for “open surgery vs. laparoscopic
surgery” and found the top results (must have had more
than 5 results in the last 5 years). The search terms used
were: “open,” “laparoscopic,” “minimally invasive,” and
“surgery.”

We included papers based on meta-analyses in our re-
view. Some papers were based on a compilation of data
from a number of relevant studies. Other papers were
based on empirical data or direct case studies.

The main factors that were considered in determining
which surgical method was more feasible were: intraoper-
ative outcomes, oncologic safety, postoperative outcomes,
and postoperative recovery. Miscellaneous factors were
also considered if they were deemed to be significant to
the studies under review. We have omitted some studies
that were either too outdated (before 2014) or question-
able in their accuracy (based on individual case studies).
Study results derived from an insufficient number of study
groups were omitted for a more accurate and precise anal-
ysis. Results comparing laparoscopic vs. robotic surgery
with no open control were omitted. Cholecystectomy was
also omitted because there were not enough oncological
results.

ANALYSIS OF MIS VS. OPEN SURGERY
IN DIFFERENT TYPES OF CANCERS

Hepatectomy

Compared to laparoscopic gastrectomies, there are more
studies available for laparoscopic hepatectomies. This is
because laparoscopic liver resection was already wide-
spread decades ago. Thus, the laparoscopic approach for
liver resection is not a novel procedure but rather part of
the standard guidelines for surgery.

In 2014, the 2nd International Consensus on Lapa-
roscopic Liver Resection had constituted MIS to be the
standard method of treatment (IDEAL 3) for low-risk or
minor hepatectomy. However, they defined MIS for major
hepatectomies (resection of more than 3 segments) to still
be innovative (IDEAL 2b). There were not enough high-
quality studies conducted to push MIS to be the standard
method for all types of hepatectomies.”

Three years later, 2,819 patients participated in a large,
multi-institutional study that compared MIS to the open
approach for major hepatectomies.8 This study was signifi-
cant because it was the largest one yet to collect data on
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minimally invasive major liver surgeries with an open con-
trol. Although the result did not immediately confer abso-
lute confidence to the advocates of MIS for high-risk sur-
geries, it did show a sort of optimism for the approach. The
conclusion was that MIS was not worse than open surgery
for patients with large tumors (one-sided 95% CI <1.02).

Not long after that, the first randomized controlled
study had been conducted comparing laparoscopic and
open liver resection.? The trial included 280 patients with
resectable liver metastases and found that the post-op-
erative complication rate was significantly lower for the
laparoscopic group (19% vs. 31%). The study is in defini-
tive support of laparoscopic liver surgery and is evidence
enough that it should be continued to be implemented in
the field. Furthermore, a recent compendium of case stud-
ies (n = 233) showed the success of major laparoscopic re-
section.!?

In conclusion, it is generally agreed that minor hepatec-
tomies should be performed laparoscopically. In addition,
while the approach for major hepatectomies should be de-
termined based on the skill of the surgeon, the difficulty of
the surgery, and patient condition, it could very well prove
to be the more favored method in the near future.

Pancreaticoduodenectomy

A 2016 study conducted by Zhang et al. compared lapa-
roscopic pancreaticoduodenectomy (LPD) and open
pancreaticoduodenectomy (OPD).!! The study examined
whether LPD (a subset of minimally invasive PD) is as safe
and feasible as OPD, assessing the improvement in RO re-
section after LPD. PD has always been a complex proce-
dure due to the dissection around important vessels and
three complex reconstructions. The major difference be-
tween the two PDs were significantly reduced blood loss
and blood transfusion requirement with LPD compared to
OPD, and a shorter postoperative stay (6 days vs. 9 days).

However, there are some studies that refute the possi-
bility of LPD leading to a faster rate of RO resection, and
therefore, it was concluded that LPD cannot be consid-
ered a significantly “better” procedure than OPD. It was
also suggested that there is a learning curve for LPD. As a
consequence, higher morbidity and mortality were asso-
ciated with LPD at the beginning of the learning curve.!?
Nevertheless, given the clear-cut benefits of less blood loss
and shorter postoperative stays, LPD proves to be a safer
and more feasible method for patients.

The same study also looked at the feasibility of pan-
creaticoduodenectomy, compiling all studies conducted
between January 1994 and November 2013. During the
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compilation of the evidence to assess the benefits of lapa-
roscopic procedures, the authors looked for wound infec-
tion, length of operation time, intraoperative blood loss,
risk of complications, length of hospital stays, and over-
all oncologic outcomes. The study determined that there
was a reduction in wound infection due to the minimally
invasive approach, but the laparoscopic procedures have
taken longer during operation because of their complex-
ity and the lack of experience of surgeons. Some of the
difficulties in pancreaticoduodenectomy were partly due
to the difficulty in access and exposure of the pancreas,
difficulty in hemorrhage control from major vasculature,
and difficulty in reconstruction of biliary and pancreatic
remnants. However, procedure complexity has largely
been alleviated by the development of surgical robotics.
This advancement led to significantly shorter operation
times for minimally invasive pancreaticoduodenectomy
(MIPD): 444 + 93.5 minutes vs. 559 £ 135 minutes with
OPD. The study also determined that there was a signifi-
cant reduction in blood loss, lower risk of complications,
shorter hospital stay, and overall better oncologic out-
comes. It concluded that due to its advantages, MIPD is
worthwhile. The complexity of MIPD has been alleviated
and will continue to become better through advance-
ments in surgical robotics and more experienced sur-
geons in the future.!2

Esophagectomy

Two studies were carried out to determine whether mini-
mally invasive esophagectomy (MIE), or even hybrid min-
imally invasive esophagectomy (HMIE), should replace
open procedures for esophageal cancer. The first study
determined that HMIE and MIE yielded shorter hospital
stays due to the lower number of excised lymph nodes.!?
There were also lower rates of pulmonary complications
and anastomotic leaks, as well as better outcomes in the
MIE groups in certain situations. However, MIE had lon-
ger operation times, and survival benefits were similar
in OE and MIE. In addition, there was a longer learning
curve for MIE due to the highly advanced laparo-thora-
coscopic skills required. The first study concluded that al-
though there are clear benefits to MIE and HMIE over OE,
longer learning curves and longer operating times due to
procedure complexity of the procedure make it hard for
minimally invasive surgery to be used more widely. For
esophageal cancer, MIE and HMIE should be used only
in high-volume, experienced university surgical centers.
Another study based on 13,267 patients who had esopha-
geal cancer determined that there were similar short- and
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long-term survival rates between hybrid, minimal, and
open procedures.”* The study demonstrated that in-hos-
pital mortality was reduced in MIE (3% for MIE vs. 4.6%
for open surgery), and the risk of pulmonary complica-
tions was reduced in MIE (17.8% for MIE vs. 20.4% for
open). However, there wasn’t an apparent reduction of
morbidity or mortality in the MIE group compared with
the open esophagectomy group. In addition, there was no
significant difference in the rate of anastomotic leaks after
esophagectomy between the two groups.

Adrenalectomy

Regarding adrenalectomies, MIS is the general method of
choice. As of 2013, laparoscopic adrenalectomy has been
recommended for benign adrenal tumors (<6 cm in diam-
eter and weighing <100 g). For tumors greater than 6 cm,
there is an ongoing debate between endocrinologists re-
garding the surgical method. In a study conducted by Con-
zo et al. in 2015, when laparoscopic adrenalectomy (LA)
and open adrenalectomy (OA) were performed for lesions
>10 cm, the recurrence rate was 50% and 42%, respective-
ly.!s LA was contraindicated in the presence of intravenous
thrombus and infiltration of structures. It was noted that
an increased risk of peritoneal carcinomatosis after LA was
a concern; however, results regarding that specific post-
operative risk were inconclusive.

But in 2018, another study showed that the laparoscop-
ic approach was acceptable regardless of tumor size and
without any associated risk increase.!¢ The study followed
28 patients with 31 adrenal tumors. Tumor sizes were cat-
egorized into <5 cm and >5 cm in diameter. No difference
for mortality and recurrence rate between LA and OA was
found.

Furthermore, in a 2017 study investigating lateral retro-
peritoneoscopic adrenalectomy (LRA) versus OA (n = 67,
all tumors were greater than 5 cm; 41 patients by LRA and
26 patients by OA), the risk of local recurrence and perito-
neal carcinomatosis, a highly associated risk, were found
to be comparable for the two approaches.!”

Taking all above studies into consideration, the inter-
pretation is that for larger adrenal tumors, LA is accept-
able but technically demanding, as it has been observed
that LA requires longer surgery time. However, this
review focuses not on intraoperative factors but post-
operative results, so the length of surgery time will be
considered negligible when evaluating feasibility. Thus,
the relevant issue is which minimally invasive approach,
laparoscopic anterior versus endoscopic posterior, will
produce better results.

Journal of Interdisciplinary Medicine 2020;5(4):129-136

Gastrectomy

Gastric surgery is one of the most relevant fields for MIS
but there are no international guidelines set in place that
dictate when and for what type of disease it is indicated.
The current gold standard for gastric surgery is the open
method. Currently, there are several relevant, ongoing
multicenter trials, and results are pending. Unfortunately,
data availability along with updated clinical standards have
not kept up with the technical advances in the field.

In a case-control study comparing robotic gastrectomy
(RG), laparoscopic gastrectomy (LG), and open gastrec-
tomy (OG),!8 intraoperative blood loss was shown to be
significantly lower in the LG (95.93 £ 119.22 mL) and RG
(117.91 £ 68.11 mL) groups compared to the OG (127.26 =
79.50 mL, p = 0.002). The length of hospital stay was short-
er for LG and RG, and there was no difference in compli-
cation rates regardless of the tumor type. It has shown that
the main benefit of MIS is a significantly faster post-sur-
gical recovery rate. A 2017 study has evaluated the effects
of laparoscopic distal gastrectomy (LDG) and found that
there were fewer pulmonary complications. The mortality
rate was similar between the two groups (0.4% for LDG vs.
0% for ODG, p = 0.249), and the 5-year survival rate was
also similar (95.9% for LDG vs. 94.9% for ODG).!?

For early gastric cancer, LDG is comparable to OG. The
general consensus across all recent studies is that there is
not enough data to conclusively state the feasibility and
safety of LDG for advanced gastric cancer. Studies are
still ongoing (particularly to confirm the benefit of the
laparoscopic method in elderly patients with advanced
gastric cancer), and there is a lack of high-level clinical
evidence.202! Currently, a randomized controlled trial
studying the efficacy of laparoscopic subtotal gastrectomy
for advanced gastric cancer is being carried out in Korea.22
Totally laparoscopic complete gastrectomy (TLCG) has
been performed successfully for advanced gastric cancer
proving its feasibility, but it faces the steep wall of being
technically challenging. Furthermore, oncological results
have yet to be recorded.?* Laparoscopic gastrectomy con-
tinues to evolve due to its touted benefits, technological
improvements, and increasing experience of surgeons. Al-
though there are multiple studies regarding the minimally
invasive routes, further studies are needed to evaluate the
oncological safety of these procedures.

Colorectal Cancer

One of the studies regarding the trends of minimally in-
vasive surgical resection for colorectal cancer was con-
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ducted on May 16, 2019, based on The Florida Inpatient
Discharge Data Set. The study examined the clinical data
of patients who underwent elective surgery for colorectal
cancer between 2013 and 2015. A total of 10,513 patients
were analyzed, of which 5,451 had open surgery, 4,403
had laparoscopic surgery, and 659 had robotic surgery.
The rate of MIS increased from 46.95% to 48.72% in the
study period, and among a variety of minimally invasive
procedures, the use of robotics increased from 9.82% in
2013 to 15.48% in 2015.2* This upward trend in MIS for
colorectal cancer shows the popularity of MIS among the
general public. Another study, a meta-analysis, explored
the overall effect and safety of anterior laparoscopic sur-
gery versus conventional open surgery for patients with
colorectal cancer based on 24 randomized controlled
trials, with 4,592 patients in the laparoscopic group and
3,865 patients in the open surgery group. Laparoscopic
surgery had significantly less blood loss, shorter hospital
stay, and lower rates of postoperative mortality and post-
operative complications. However, one benefit of open
surgery was that laparoscopic surgery had statistically
higher operative times than open surgery. The study con-
cluded that despite the shorter operative times for open
surgery, laparoscopic surgery was far superior for colorec-
tal cancer due to its major benefits.2s

Another study aimed to determine the feasibility of
conducting laparoscopic colorectal resection in elderly pa-
tients, as very old patients with colorectal cancer are at a
high risk of mortality. This study compiled previous stud-
ies from PubMed, Medline, Embase, and Google Scholar
and examined primary determiners, such as 30-day mor-
tality rates, 30-day morbidity rates, and secondary deter-
miners, such as operating time, time to oral diet, number
of retrieved lymph nodes, blood loss, and 5-year survival
rates. Elective laparoscopic resection had a mortality rate
of 2.92% and a morbidity rate of 23%. The study found
significant differences between laparoscopy and open sur-
gery, demonstrating reduced morbidity in the laparoscopic
group. In addition, the study determined that laparoscopic
surgery patients were more likely to have shorter hospital
stays and shorter time to oral diet. The authors concluded
that laparoscopic surgery was safer and more feasible than
open surgery for patients over the age of 85.26

Patients with liver cirrhosis are also at a high risk for
colorectal surgery because the safety and effectiveness of
laparoscopy in colorectal surgery involving cirrhotic pa-
tients is not clear. A study performed in 2018 concluded
that laparoscopic colorectal surgery is a safer and less in-
vasive alternative to open surgery in some cirrhotic pa-
tients, leading to less blood loss, earlier recovery, and less
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additional harm in terms of postoperative complications or
long-term oncological outcomes.?’

Lung Cancer

There is no dispute that lung cancer is a leading cause of
death in the world, and the management of the disease re-
mains one of the most important topics in the medical field.
The minimally invasive method for lung cancer surgery is
termed video-assisted thoracoscopic surgery (VATS), and
it has already been established as being just as effective as
open surgery. Currently, there is no large dispute on this
matter, and there have been multiple studies worldwide
(e.g., Sweden, Taiwan, United States) proving the adequa-
cy of VATS.28-30 T ong-term survival for both minimally
invasive and open surgery was equal, while postoperative
complications for the former were less frequent.

According to a 2019 study, there has been a significant
increase in the number of VATS performed for non-small-
cell lung carcinoma (NSCLC) in the U.S. (study limita-
tions: patients were all 265 years of age, the number of
VATS may have increased secondarily to an increase in
the number of diagnoses/resections).3! There was a 39%
increase from 2006 to 2014 in VAT'S carried out in patients
who had elected to undergo surgery. However, there was
a significant regional variation regarding the management
of the disease. Unlike in the case of other cancers where
the type of tumor indicated the course of treatment, the
staging of the lung cancer was not a factor in the variation
of treatment (VATS vs. open). In response to this discrep-
ancy, a number of medical practitioners are advocating for
VATS to become the official standard method of treatment
so that it can be adopted universally in all hospitals.

Thyroid Cancer

Head and neck surgeries are usually the most technically
demanding interventions because of the general anatomy
of the tumors’ location. Because thyroid cancer has a high
incidence in women, surgeons also consider the cosmetic
outcome when performing the procedures. Hence, more
surgeons are choosing the minimally invasive approach.
However, it requires a specific skill set, may also have high-
er risks associated with it, and it remains controversial.
One of the most recent meta-analyses comparing endo-
scopic thyroidectomy (ET) and open thyroidectomy (OT)
showed that the two methods were comparable in terms of
post-surgical results.>? The study took into account some
of the most common complications for thyroidectomy
such as damage to the recurrent laryngeal nerve and post-
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operative hypoparathyroidism; transient recurrent laryn-
geal nerve palsy occurred more frequently in ET. Also, the
study showed that completeness of thyroid resection may
be lower in case of ET because patients were reported to
have comparatively higher serum thyroglobulin (sTg) lev-
els. However, there was not enough postoperative data to
make a conclusion about sTg levels because there was no
significant difference between ET and OT when it came to
tumor recurrence rates.

All studies comparing other types of endoscopic thy-
roidectomies, such as minimally invasive video assisted
thyroidectomy (MIVAT') and robotic thyroidectomy, with
the conventional method reached the conclusion that ET
was comparable to OT.33-3 Other studies have shown
that not only was MIVAT as safe as open surgery, it may
also have beneficial immunosuppressive effects through
the downregulation of TNF-a.3” Also, there are new risks
posed by robotic surgery brachial plexus neuropathy and
tracheal injury.8

For the minimally invasive method, whether it is MI-
VAT or robotic surgery, there is a strict learning curve
which prevents the application of more innovative meth-
ods in a wider setting. Endoscopic methodologies and
techniques represent one of the prominent current topics
in endocrinology. For the time being, there are limitations
set in place for ET, and for higher risk patients OT is the
preferred method, but hopefully this will change with con-
tinued interest and further studies.

Prostate Cancer

As prostate cancer is one of the most common types of
cancer in men, it has long been debated whether prostatec-
tomy should be performed through laparoscopic or open
procedures. A randomized, controlled study of men re-
cently diagnosed with localized prostate cancer examined
the functional and oncological postoperative outcomes up
to 24 months after laparoscopic or open surgery. The study
included 308 men aged between 35 and 70 years, 151 of
which were treated with open radical retropubic prosta-
tectomy, while 157 were treated with robot-assisted lapa-
roscopic prostatectomy. The study did not find significant
differences between open and laparoscopic surgery re-
garding urinary and sexual function, the proportion of bio-
chemical recurrences, or the proportion of patients who
had imaging evidence of progression. The authors con-
cluded that laparoscopic surgery and open surgery yielded
similar functional outcomes at 24 months. The benefits of
a robotic approach to prostate cancer would largely be re-
lated to its minimally invasive nature.?
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Another study assessed the effects of laparoscopic
radical prostatectomy or robotic-assisted radical prosta-
tectomy compared to open radical prostatectomy in 446
randomized participants with clinically localized prostate
cancer. The authors examined primary outcomes, such as
prostate cancer-specific survival, urinary quality of life,
and sexual quality of life, and secondary outcomes such
as biochemical recurrence-free survival, overall survival,
overall surgical complications, serious postoperative sur-
gical complications, postoperative pain, hospital stay, and
blood transfusion. The study determined that there was
no difference between laparoscopic surgery and open sur-
gery in urinary and sexual quality of life, and little to no
difference in overall surgical complications and serious
postoperative complications. The study also concluded
that laparoscopic and robotic procedures are very slightly
better in terms of postoperative pain at one day and up to
one week. However, there was no significant difference
in postoperative pain at 12 weeks. It was also determined
that robotic procedures may reduce the length of hospi-
tal stay, and both robotic and laparoscopic procedures
would result in 68 fewer blood transfusions per 1,000 men
compared to open procedures. The study concluded that
there was no clear evidence that laparoscopic and robotic
procedures would have better oncological outcomes that
the open counterpart. The differences between the pro-
cedures were minimal to non-existent, all of which were
not persuasive evidence to the superiority of laparoscopic
procedures. Taking into account the possibility of the sur-
geon’s lack of experience in minimally invasive surgery, as
of right now, prostate cancer should be treated through
open procedures.*

DISCUSSIONS AND CONCLUSIONS

Reviewing the results of the relevant studies from the
past five years, we found that there was an overwhelm-
ing amount of data that emphasizes the efficacy of MIS. In
many areas, the endoscopic or robotic method has already
been adopted as the standard for low-risk surgeries. With
the exception of cervical cancer, prostate cancer, and dis-
seminated cancers, there is a definite accelerating trend
towards MIS compared to a decade ago.

MIS is safer and more feasible for appendectomies. As
for pancreaticoduodenectomy, there are clear benefits
that make MIE a better option for most patients. How-
ever, there is a need for further research on the long-term
outcomes of MIPD. There is a very long learning curve for
esophagectomies due to the complexity of the procedure.
The studies conducted on esophagectomies require fur-
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ther improvements in surgical devices and surgeon expe-
rience. MIS is the method of choice for adrenalectomies,
but is restricted to certain tumor sizes. Further studies are
needed regarding gastrectomies, and open surgery contin-
ues to be the recommended method for prostate cancer.
For all other oncological surgeries, MIS is accepted as a
feasible treatment but is restricted by the type and grade
of the disease.

For the most part, MIS is only comparable/not superior
to open surgery, meaning that postoperative complica-
tion rates, tumor recurrence rates, and other factors were
not significantly different. It was rare to find a paper that
reviewed MIS to be the better method of choice without
the addendum that further studies were needed to assess
long-term risks. Also, if the cancer had progressed to a
stage where the tumors were large or disseminated, MIS
was contraindicated because resection would not be as
complete as with open surgery. The limitations of MIS are
also based upon the skills of the surgeon and availability
of instruments. Even when it is considered feasible, the
surgeon must consider the various endoscopic approaches
from different anatomical sites; this remains a topic of con-
troversy and requires further study.

In conclusion, an increasing number of surgeons are
choosing the minimally invasive method, and the current
trends show that this approach is largely accepted in the
medical community.
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ABSTRACT

Air pollution is a result of natural phenomena or human activities that can cause the release
of harmful substances in the environment, leading to adverse health outcomes among living
beings. Pollution is associated with adverse health impacts on multiple organ systems among
humans. While the respiratory and cardiovascular systems are mainly affected, there are other
health issues related to the eyes, skin, brain, blood, immunity, behavioral/mental well-being, and
reproduction among exposed individuals. Air pollutants can especially have higher health im-
pacts on people at the extremes of their ages (children and elderly) and on those suffering from
underlying respiratory and heart issues. Pollutants such as ozone, sulfur dioxide, particulate mat-
ter, and nitrogen dioxide have respiratory effects among children and adults and are associated
with increased respiratory diseases, asthma exacerbations, and related hospitalizations. Carbon
monoxide interferes with transporting oxygen by forming carboxyhemoglobin leading to cardio-
vascular, neurological, and respiratory problems. Particulate matter is a heterogeneous mixture
of tiny particles of varying compositions found in the atmosphere and has a wide variety of se-
vere health effects. Particulate matter emits from combustion, diesel engines, power generation,
and wood-burning, and certain industrial activities. Lead is considered neurotoxic and has more
severe consequences among children. Here we summarize characteristics of six criteria air pol-
lutants and associated air quality risk assessment parameters known as the Pollutant Standard
Index (PSI). The present manuscript also examines the impact of air pollution on human behavior,
mental well-being, and neurological health consequences, as air pollution has been associated
with cognitive decline, hyperactivity, dementia, anxiety, depression, aggression, and Alzheimer’s
disease-related changes. Lastly, we also attempt to look into any relationship between air pol-
lutants and Coronavirus disease (COVID-19) and examine its possible association with a higher
COVID-19 incidence, complications, and mortality.

Keywords: particulate air pollution, adverse health effects, human health, COVID-19, environ-
mental health, Pollutant Standard Index
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BACKGROUND

Air pollution is the presence of harmful substances due to
natural phenomena or anthropogenic activities in the envi-
ronment that can have detrimental health consequences on
humans when exposed.!2 Air pollution is categorized into
outdoor (ambient) and indoor types.}2 According to the
World Health Organization (WHO), 9 out of 10 individuals
are inhaling polluted air, which results in millions of deaths
each year.2 Here we explore the impacts of air pollution
on human behavior, mental well-being, and neurological
health consequences while summarizing characteristics of
six criteria air pollutants and associated parameters known
as the Pollutant Standard Index (PSI). Furthermore, we
also attempt to look into any relationship between air pol-
lutants and Coronavirus disease (COVID-19).

TYPES, MECHANISM, AND
COMMON HEALTH IMPACTS

There is already clear proof that both short- and long-term
ambient air quality changes are correlated with elevated
mortality and morbidity among adults and children.3* Six
air pollutants including carbon monoxide, sulfur dioxide,
lead, particulate matter, ozone, and nitrogen oxides (ni-
tric oxide and nitrogen dioxide) all are associated with ad-
verse health occurrence among exposed individuals (Table
1).5-8 The PSI is a generally used risk assessment param-
eter derived from the ambient concentration of the major
air pollutants.” The PSI can be used to assess air pollution
levels from 0 to 500, values above 100 being considered un-
healthy.?

In household settings or indoors, air pollution is asso-
ciated with fuel combustion (appliances, heating, stove
etc.), tobacco use, building materials, household cleaning
chemicals, heating/cooling systems, and pesticides.!® In-
adequate ventilation or movement of outdoor pollutants
into indoor spaces can further deteriorate air quality.!? In-
door (household) pollution has been linked to higher lung
cancer risk, especially when houses are not well ventilated,
coal is used for household activities, and the residence is
located near industrial areas.!!-!? In outdoor settings, the
pollutants can negatively influence cardiovascular, neuro-
logical, and respiratory health. Particulate matter (PM),
which is a complex mixture of diverse particles (sulfate,
ammonia, carbon, mineral dust, nitrate compounds), has
been associated with morbidity and mortality related to
respiratory and cardiovascular illness.!#!5 Sulfur dioxide
and ozone both act as respiratory irritants and can trigger
or deteriorate asthma and other respiratory conditions.!516
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Nitrogen dioxide has also been associated with respiratory
conditions such as asthma, bronchitis, increased suscep-
tibility of lung infections, and wheezing.!517 Lead exists
naturally or through the burning of fossil fuel, industries,
and mining, and it is associated with neurological and re-
nal problems amongst exposed individuals. Children are
more vulnerable to the effects of lead.? It is evident from
studies that air pollution has negative impacts on infants’
and children’s health and is linked with preterm birth, lung
developmental/functional issues, and overall increased
morbidity and mortality.!8-2! Since the lung tissue is still in
development and over 80% of alveolar growth occurs after
birth, infants are more susceptible to air pollution and en-
vironmental toxins.?2-2* In time-series studies conducted
in cities with notoriously high levels of pollution, such as
Mexico City, Seoul, and Sao Paulo, associations between
particulate matter <10 pm (PM10) and infant mortality
have been found.25-?7 Spatial similarities within the Czech
Republic and the US have been reported between post-
neonatal mortality and atmospheric particulate matter.28:2°

HUMAN BEHAVIOR, MENTAL HEALTH,
AND NEUROLOGICAL DISORDERS

The effect of noise, heat, and air pollution on human be-
havior, specifically aggression, has been documented. Al-
though the respiratory and cardiovascular impacts of air
pollution are well known, recent research shows that it
also contributes to behavioral, psychological, and neuro-
logical issues. The mechanism of this is not precise. How-
ever, tiny pollution particles can reach the brain directly
from nasal passages.3%3! Furthermore, particles can also
reach the brain after being absorbed in the blood through
the alveoli.?! Once these pollution particles reach the
brain cells, they induce an inflammatory response that
could lead to neurodegeneration.’! The consequences of
high and long-term exposure are seen in forms of cogni-
tive decline, especially among children, causing hyperac-
tivity, dementia, anxiety, depression, aggression, and can
even predispose to Alzheimer's disease.3%3! In one Chinese
study, a high level of air pollution was associated with an
increase in sedentary behavior, leading to other health is-
sues.?? In a UK-based study, reduced indoor and outdoor
air quality significantly affected emotional and behavioral
problems related to conduct/temper and hyperactivity
among children.3? Similar outcomes were noticed in a Cali-
fornian study in which long-term exposure of PM2.5 possi-
bly increased delinquent behavior among adolescents and
teenagers.>* Exposure to lead is known to cause harmful
effects on the nervous tissue. Studies have shown that not
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TABLE 1. Six criteria air pollutants
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Source

Characteristics

Health impacts
(e.g. on organ systems)

Carbon Monoxide (CO) outdoor (vehicles, burning fossil
fuel), indoor air (gas heaters, stove,

furnaces)

Lead (Pb) earth crust, burning fuel, mining,

industries

Nitrogen Oxides (NO & NO,) motor emission, burning of oil or

coal, industries

Ozone (O,) motor emission, industries (boilers,

chemicals)

Sulfur Dioxide (SO,) coal and oil burning, volcanic

eruptions
chemical reactions between
pollutants

Particulate Matter (PM)

no odor, color, taste or irritation

bluish grey metal

non-flammable, colorless to brown

main ingredient in smog

colorless, pungent

mixture of solid and liquid particles,
PM10: diameter <10 um, PM2.5:

cardiovascular, neurological,
respiratory

neurological, renal, probable
carcinogen

respiratory

benefits: stratospheric ozone
protects from UV radiation,
harmful (ground level): respiratory

respiratory

respiratory, heart

diameter <2.5 pm (both PM10 and
PM2.5 are inhalable)

only lead is associated with a decline in cognition, intel-
lect, and memory among children and adolescents, but if
exposure occurs at a young age and continuously, it can re-
sult in personality and behavioral issues in adulthood.?536
The literature also suggests lead exposure involvement in
Parkinson’s disease.3” As per some research studies, smok-
ing, which contributes to environmental air pollution, can
increase the risk of Parkinson’s, although other studies
state the opposite.?” Also, both active and passive smoking
is linked with the etiology of multiple sclerosis.3?

AIR POLLUTION AND COVID-19

As mentioned earlier, the long-term exposure to pollution
has been connected to morbidity and mortality associ-
ated with respiratory inflammation, chronic lung disease,
asthma, and cardiovascular disorders. A study examining
data from over 3,000 US counties shows that in areas with
slightly higher levels of PM2.5 (i.e., 1 pg/m?), there was an
8% increase in COVID-19-related deaths.? Historically,
this kind of relationship was also seen in a 2003 Chinese
study where both short- and long-term exposure to air pol-
lution was positively associated with severe acute respira-
tory syndrome (SARS)-related mortality.** Air pollution
can also increase the incidence of COVID-19 as examined
in a recent Chinese study where short-term exposure to
O,, PM (2.5 & 10), and NO, was significantly associated
with higher numbers of COVID-19 cases.*! Further studies
are needed to explore the role of the PSI or air pollution
indices, individual and combined effects of air pollutants
on COVID-19 incidence, disease course, and mortality.
Hypothesis testing based on the dose-response relation-

ships, temporal trends, exposure inequality by geography,
and monthly/yearly variation of air pollution on COV-
ID-19 could provide crucial information about the dynam-
ics and management of COVID-19 infection. More studies
are needed to examine the interrelationship between the
COVID-19 disease process and air pollutants. To examine
this vital relationship, diverse and enhanced surveillance
approaches coupled with multidisciplinary and mixed-
method research studies can be crucial.#>#

SUMMARY & CONCLUSIONS

Environmental toxins and hazards have adverse impacts on
humans throughout their lifespan. For instance, exposures
during pregnancy can result in developmental issues, birth
defects, intellectual delays, and cancers. After birth, while
growing, they are more susceptible to air pollution and oth-
er toxins as their organs are still in developmental phases.
Although all age groups are vulnerable to the effects of air
pollution, the impacts are higher among people of extreme
ages. The present short review examines the impact of air
pollutants on humans and particularly explores associated
mental health outcomes. The persistent exposure of pol-
lutants can cause impairment of different organ systems.
We also see that mortality is higher in places where air pol-
lution is a significant issue. Furthermore, early studies are
showing unfavorable COVID-19-related outcomes in the
presence of high levels of air pollutants. More research is
needed to examine the interrelationship between the CO-
VID-19 disease process and air pollutants, with the use of
multidisciplinary research studies. Rapid industrialization,
increased use of cars, buses, and airplanes during the last
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and current centuries have contributed to public health
issues related to air pollution. It is known that the use of
motor vehicles can contribute largely to the pollution in a
geographical area; hence, changes in transportation mode
(e.g., reduced use of cars, increased use of bicycles, elec-
tric vehicles, or mass public transportation etc.) can help
in reducing this problem. City planning, opportunities to
provide easy access to the public transportation systems,
increase in vegetation, and plantation of trees can also con-
tribute.
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ABSTRACT

Background: Physical rehabilitation is essential to improve the quality of life of patients with
acute myocardial infarction (AMI). Study aim: The study intended to demonstrate the benefits of
early rehabilitation in patients with AMI. Material and method: We performed a meta-analysis
to document the benefits of physical treatment in patients who suffered an AMI. Studies were
searched in the following databases: PubMed, PlosOne, Mendeley, and clinicaltrials.gov. The
terms used in our research were “rehabilitation”, “physical exercise”, “physical training” “quality
of life”, “early”, and “post MI”. The inclusion criteria consisted in the assessment of the following
parameters: heart rate, maximal/submaximal capacity, and characteristics of the left ventricle —
end-diastolic volume, ejection fraction, and left ventricle hypertrophy included in the study de-
sign. Results: The database search identified 710 studies, of which only 10 passed the inclusion
criteria. Out of 1,515 patients who underwent early physical therapy, 960 reported improvement
in the quality of their life (p < 0.001). A number of 2,703 patients out of a total of 3,595 underwent
a complete physical treatment and medication program. From the ten studies included in the
meta-analysis, six had a positive feedback to the multimodal treatment within 1 month post-AMI.
Patients who performed physical exercises within a month after the cardiac arrest (1,103 post-AMI
patients from a total of 1,278) demonstrated a high heterogeneity represented by the coefficient
12 = 84% but with a significant statistical value of p <0.00001. Conclusion: Early physical therapy
initiation significantly improves the quality of life of patients with AMI.

Keywords: physical therapy, myocardial infarction, early exercise

INTRODUCTION

The quality of life of patients suffering from an acute myocardial infarction (AMI)
depends of several variables. The main consequence of AMI is left ventricular re-
modeling, and several studies have shown its improvement in patients who ben-
efited from physical treatment following an acute myocardial infarction.

Journal of Interdisciplinary Medicine 2020;5(4):141-145 DOI: 10.2478/jim-2020-0026



142

PURPOSE

The purpose of this study was to demonstrate the benefits
of early rehabilitation in patients with AMI.

MATERIAL AND METHODS

We performed a meta-analysis to document the benefits
of physical treatment in patients who suffered an AMI.
The terms used in our research were “rehabilitation”,
“physical exercise”, “physical training” “quality of life”,
“early”, and “post MI”. The inclusion criteria consisted in
the assessment of the following parameters: heart rate,
maximal/submaximal capacity, and characteristics of
the left ventricle - end-diastolic volume, ejection frac-
tion, and left ventricle hypertrophy in the design of the
study.!-* Statistical analysis was performed using RevMan
5.4 software.

RESULTS

The database search identified 710 studies, of which only
10 passed the inclusion criteria, including a number of
1,061 patients out of a total of 1,546 who participated in a
complete physical treatment and medication program.
The first question was whether the life of patients with
myocardial infarction had improved after early initiation
of kinesiotherapy. A number of 2,475 patients out of 3,526
who underwent early physical therapy reported improve-
ment in the quality of their life (Figure 1). Improvement
in the quality of life has been defined as improvement of

Journal of Interdisciplinary Medicine 2020;5(4):141-145
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FIGURE 1. Forest plot diagram of the studies with patients whose

quality of life has improved after post-MI rehabilitation

the following conditions: fatigue, depression, daily activi-
ties. The answers to the first question are summarized in
Table 1.

The Cochrane-Q number (df = 7) was 265.68, with 12 ex-
pressing a 97% heterogeneity (p <0.07, Z = 1.79). I2 repre-
sents study heterogeneity as studies with different designs
that can induce biased data. All patients who underwent
a complete physical training exhibited an improvement in
their quality of life, demonstrating that early initiation of
physical exercise has a positive impact on quality of life in
the post-infarction period.

The next hypothesis we have intended to verify was re-
lated to the effectiveness of the physical rehabilitation pro-
gram after one month in patients that had presented with
myocardial infarction.

TABLE 1. Effect of initiation of rehabilitation measures post AMI

Study or Subgroup Experimental Control Weight Odds Ratio

Events Total Events Total

Soleimani et al.® (2008) 178 178 62 62 10.0% 1.00[0.98,1.02]
Kim et al.6 (2014) 18 18 18 26 17% 1.42[1.09, 1.85]
Hansen et al.” (2008) 170 334 330 343 35.2% 0.53[0.48, 0.59]
Giallauria et al.8 (2006) 15 15 0 0 Not estimable
Chen et al.? (2015) 50 64 561 770 9.3% 1.07[0.94,1.23]
Larsen et al.!0 (2011) 382 528 430 908 34.2% 1.53[1.40, 1.67]
Kargarfard et al." (2010) 35 35 37 37 3.9% 1.00 [0.95, 1.05]
Andjic et al.”2 (2016) 60 60 0 0 Not estimable
Izeli et al.”® (2016) 18 18 8 26 0.8% 3.09[176, 5.42]
Sumide et al.* (2009) 34 34 69 70 5.0% 1.01[0.96, 1.06]
Total (95% ClI) 1,284 2,272 100% 1.04 [1.00, 1.10]
Total events 960 1,515

Heterogeneity: Chi2 = 265.68, df =7 (p <0.0001); I2=97%
Test for overall effect: Z =179 (p = 0.07)
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TABLE 2. Effectiveness of the rehabilitation program within one month post AMI

Study or Subgroup Experimental Control Weight Odds Ratio

Events Total Events Total

Soleimani et al.®> (2008) 178 178 62 62 Not estimable
Kim et al.6 (2014) 18 18 18 26 0.2% 17.00 [0.91, 316.49]
Hansen et al.” (2008) 272 334 339 343 31.4% 0.05[0.02, 0.14]
Giallauria et al.8 (2006) 15 15 13 15 0.2% 5.7410.25, 130.37]
Chen et al.? (2015) 50 64 561 834 8.8% 174 10.94, 3.20]
Larsen et al.!o (2011) 382 528 380 430 58.6% 0.34[0.24, 0.49]
Kargarfard et al." (2010) 35 35 37 37 Not estimable
Andjic et al.”2 (2016) 60 60 60 60 Not estimable
Izeli et al.”® (2016) 18 18 8 26 01% 80.53[4.33, 1499.20]
Sumide et al.* (2009) 33 34 69 70 0.7% 0.4810.03,7.89]
Total (95% ClI) 1,284 1,903 100% 0.50[0.39, 0.63]
Total events 1,061 1,547

Heterogeneity: Chi2 = 58.73, df = 6 (p <0.00001); I2 = 90%
Test for overall effect: Z = 5.75 (p <0.00001)

From the 10 studies analyzed, 7 studies had a positive
feedback regarding the multimodal treatment within one
month post myocardial infarction (Table 2).

This analysis presented a high heterogeneity (I2 = 90%,
p <0.00001). In this regard, the most appropriate study
design was the one published by Chen et al. in 2015 (Fig-
ure 2). This study included 60 patients with AMI, of which
50 participated in a physical exercise program within
one month after the cardiac event.® The studies that had
crossed the “no effect” line were not statistically significant
for our meta-analysis (Figure 2).

The next hypothesis was whether kinesiotherapy has
been beneficial for post-AMI patients. Out of the 10 stud-
ies, six had statistical significance for our meta-analysis,
with a p value <0.00001 (Table 3, Figure 3).

In a study by Chen et al. (2015), beneficial changes have
been noticed after kinesiotherapy in 610 out of 834 patients.?

Odds Ratio
M-H, Fixed, 95% CI
N
i
—_—
<
0.01 0.1 10 100

Favors post IM Favors other

FIGURE 2. Forest plot diagram of the studies with patients who
underwent a rehabilitation program within one month post Ml

Even though the heterogeneity of the studies was low
compared with the outcomes of other studies, only the
studies of Chen et al.” and Izeli ef al.' did not cross the “no
effect” line, therefore being statistically significant for our
meta-analysis. However, the study of Izeli e al. had to be
dismissed due to its inappropriate design and limitations
(Figure 3).13

The question whether the implementation of an exer-
cise program within one week at most after the cardiac
event would be beneficial for post-AMI patients could not
be elucidated because there were no relevant data identi-
fied in the medical literature.

The last hypothesis addresed in this meta-analysis
was related to the rehabilitation program, whether this
should be initiated early or within one month after the
cardiac event. The following data were obtained: the
limits of the confidence interval between 2.04 and 3.09

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 10 100

Favors post IM Favors other

FIGURE 3. Forest plot diagram of the studies with patients who
benefited from kinesiotherapy post Ml
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TABLE 3. Effect of kinesiotherapy post AMI

Journal of Interdisciplinary Medicine 2020;5(4):141-145

Study or Subgroup Experimental Control Weight Odds Ratio
Events Total Events Total
Soleimani et al.®> (2008) 62 62 178 178 Not estimable
Kim et al.6 (2014) 18 18 26 26 Not estimable
Hansen et al.” (2008) 334 334 343 343 Not estimable
Giallauria et al.8 (2006) 15 15 13 15 0.5% 5.74[0.25, 130.37]
Chen et al.? (2015) 50 64 56 770 2.0% 45.54 (2372, 87.41]
Larsen et al.1o (2011) 382 548 430 908 94.6% 2.91[2.31, 3.66]
Kargarfard et al." (2010) 35 25 34 37 0.5% 7.20[0.36, 144.67]
Andjic et al.”2 (2016) 60 60 60 60 Not estimable
Izeli et al.’® (2016) 18 18 8 26 0.2% 80.53[4.33,1499.20]
Sumide et al.* (2009) 33 34 70 70 2.2% 016 [0.01, 3.99]
Total (95% ClI) 1,168 2,433 100% 3.91[317, 4.81]
Total events 1,007 1,218

Heterogeneity: Chi2 = 68.88, df = 5 (p <0.00001); I2 = 93%
Test for overall effect: Z =12.80 (p <0.00001)

with a Z value of 8.73, and a statistical significance of p
<0.00001, favoring the early initiation of the rehabilita-
tion program in post-AMI patients. Nevertheless, study
heterogeneity was still high, with I2 = 84%. According
to the forest diagram, the study with the narrowest con-
fidence interval was the one conducted by Kim ef al. in
2014, which still crossed the “no effect” line.® This study
included 18 patients, of which 8 responded better to the
early initiation of the kinesiotherapy program (Figure 4).

Five out of 10 studies did not have sufficient weight to
be considered relevant in this analysis. The only study that
did not cross the ,no effect” line was the one conducted by

Chen et al. in 2015, in which that the majority of patients
(50 out of 64) benefited from early rehabilitation.?

DISCUSSIONS

The present study on the quality of life of post-AMI pa-
tients who underwent physical rehabilitation has identi-
fied that physical therapy might be the early solution for
post-AMI subjects.

The study aimed to address five questions regarding
post-AMI patients: 1) whether their quality life has im-
proved after early initiation of kinesiotherapy; 2) wheth-

TABLE 4. Effect of early kinesiotherapy post Ml

Study or Subgroup Experimental Control Weight Odds Ratio

Events Total Events Total

Soleimani et al.> (2008) 172 172 62 62 Not estimable
Kim et al.6 (2014) 8 18 18 26 6.9% 0.36 [010, 1.24]
Hansen et al.” (2008) 334 334 343 343 Not estimable
Giallauria et al.8 (2006) 15 15 15 15 Not estimable
Chen et al.? (2015) 50 64 560 770 15.8% 1341073, 2.47]
Larsen et al.!0 (2011) 382 528 430 908 73.3% 2.91[2.31, 3.66]
Kargarfard et al." (2010) 30 35 34 37 4.0% 0.53[012, 2.40]
Andjic et al.”2 (2016) 60 60 60 60 Not estimable
Izeli et al.”® (2016) 18 18 8 26 0.2% 80.53[4.33,1499.20]
Sumide et al. (2009) 34 34 70 70 Not estimable
Total (95% ClI) 1,278 2,317 100% 2.51[2.04, 3.09]
Total events 1103 1,600

Heterogeneity: Chi2 = 24.489, df = 4 (p <0.0001); 12 = 84%
Test for overall effect: Z = 8.73 (p <0.00001)
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FIGURE 4. Forest plot diagram of the studies with patients who
benefited from early kinesiotherapy post Ml

er the physical rehabilitation program is efficient at one
month post AMI; 3) whether kinesiotherapy has benefi-
cial effects; 4) whether the implementation of an exercise
program within one week at most after the cardiac event
would be beneficial; and 5) whether the rehabilitation pro-
gram should be started early or within a month from the
acute cardiac event.

Our results have shown that early initiation of physical
therapy may improve the quality of life of patients with
AMI. Similarly to our results, a report by Haykowsky et
al. published in 2015 found that kinesiotherapy is benefi-
cial in the post-AMI phase, and a kinesiotherapy program
initiated early could improve the rehabilitation of these
patients.!> A meta-analysis published by Taylor et al. in
2004, which included 48 trials on a total of 8,940 patients,
confirmed the benefits of cardiac rehabilitation for pa-
tients with coronary heart disease.!6 Also, in 2019, Ji et al.
published a meta-analysis which demonstrated that car-
diac rehabilitation reduces the recurrence of myocardial
infarction.!”

CONCLUSIONS

In conclusion, early initiation of physical therapy may im-
prove the quality of life of patients with AMI and may re-
duce ventricular remodeling. Kinesiotherapy within one
month from the index event may have a significant ben-
eficial role in patients with cardiovascular diseases, espe-
cially following an AMI. An early initiated kinesiotherapy
program could improve the rehabilitation of post-AMI pa-
tients. However, there is limited data on the benefits of ur-

145

gent initiation of a physical rehabilitation program, within
one week after the event, therefore this hypothesis should
be further analyzed in larger scale studies.
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ABSTRACT

Background: Pregnancy is a physiological process associated with an excessive oxidative stress
for both the mother and the neonate. Oxidative stress was extensively studied and is still in focus
as a factor of maternal pathologies during pregnancy, with consequences on the outcome of the
neonate. Aim: The aim of our study was to determine whether oxidative stress-related factors
can influence the outcome of pregnancy, delivery, and the neonate’s wellbeing. Material and
methods: The study was conducted using a questionnaire among pregnant women with volun-
tary enrollment. Exclusion criteria were preeclampsia or other cardiovascular diseases, gesta-
tional diabetes, and hypothyroidism at admission. Patients were enrolled in a control group of 60
pregnant women without preexisting pathology and pregnancy with physiological course, a pre-
mature group of 21 pregnant women with premature delivery, and a cardiac group of 8 pregnant
women with fetal heart disease known before birth. The study population was separated into
subgroups based on dietary supplement use within the three main groups, and other subgroups
for smoking/non-smoking mothers in the control group and one for smoking/non-smoking moth-
ers in the premature and cardiac groups together. Results: The mean Apgar score at 1 minute
was significantly higher in the control group compared to the cardiac group (p = 0.0023). The
1-minute Apgar score was significantly lower in infants that were born premature, from smoking
mothers, compared to babies that were delivered at term (p = 0.0191). Although we did not obtain
significant differences in birth weight corrected by gestational age between the control (mature)
group and premature group, there was a good correlation in gestational age and birth weight of
the preterm born infants (r = 0.8517, p <0.0001). Conclusions: Smoking can aggravate oxidative
stress in pregnancy, which will contribute to a difficult postnatal adaptation of newborns from
smoking mothers and will increase the risk of premature delivery.

Keywords: pregnancy, smoking, Apgar score, oxidative stress, neonate
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INTRODUCTION

Oxidative stress is the imbalance between the prooxidant
mechanisms (protein, membrane, and DNA oxidation)
and antioxidant defenses of the body. It is caused by ex-
cess of reactive oxygen, nitrogen, and chlorine species and
reactive intermediates, which are causing cell, tissue, and
DNA damage. This aggression can be counteracted by en-
zymatic or non-enzymatic antioxidants in normal, healthy
pregnancy, physiological labor, and delivery without any
complications.

However, with the disturbance of the defense system,
an intensive oxidative aggression occurs, which can be the
precursor for multiple complications in pregnant women:
eclampsia, miscarriage, preterm labor, and intrauterine
growth retardation. In case of fetal involvement, this ag-
gression may lead to perinatal diseases: bronchopulmo-
nary dysplasia/chronic lung disease, necrotizing entero-
colitis, and retinopathy of prematurity, called by Saugstad
the “oxygen radical diseases of neonatology”. Later, the list
was completed with periventricular leukomalacia.l2

The placenta has been proven to be the major source of
oxidative stress during pregnancy as it is rich in lipid per-
oxides. The oxidative stress effect is under the control of
the placental antioxidant enzymes.> Furthermore, both
labor and delivery are accompanied by an increase of oxi-
dative stress markers and simultaneously by a decrease in
antioxidant capacity. A study conducted by Arguelles et
al. on circulating oxidative stress biomarkers in maternal
and umbilical cord blood concluded that a higher oxidative
state in the maternal blood correlates with a higher oxida-
tive state in the umbilical cord blood.* Oxidative stress dur-
ing embryogenesis and fetal development has an influence
on the metabolism of the fetus via gene expression and/or
lipid and protein peroxidation.>®

The antioxidant activity should balance the high pro-
duction of free radicals in normal, uncomplicated preg-
nancy. However, the concentration of the components
of the antioxidant defense system might not be sufficient
to counteract the effects of oxidative stress.® The antioxi-
dants that protect the body against oxidative stress can be
grouped into endogenous (enzymatic, non-enzymatic)
and exogenous (natural, synthetic) antioxidants.”

Environmental factors and maternal diet can have an
influence on the increased oxidative stress or decreased
antioxidant status during pregnancy. Turpeinen et al. and
Maziere C et al. showed in their studies that a diet rich in
polyunsaturated acids could contribute to oxidative stress
associated with preeclampsia. Burke noted that a deficient
diet was related with greater risk of preeclampsia. Clausen
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et al. confirmed that the occurrence of preeclampsia tends
to rise with increasing calorie intake and polyunsaturated
fats in the diet.8-12

A study conducted by Arguelles et al. showed a higher
risk of increased oxidative stress and its aggression on lip-
ids and proteins in smoking mothers compared with non-
smoking ones, and the decrease of antioxidant capacity
related to smoking.* Maternal smoking during pregnancy
increases the risk of complications such as stillbirth, pre-
mature delivery, lower birth weight, altered cardio-respi-
ratory response, cleft palate, and sudden infant death syn-
drome, as well as long-term neurobehavioral effects.!3-16

MATERIAL AND METHODS

Our study was conducted using a questionnaire completed
by pregnant women admitted to the Obstetrics-Gynecol-
ogy Clinic I of the Emergency Clinical County Hospital of
Targu Mures between November 2019 and October 2020.
The study has been approved by the Ethics Committee of
the hospital and of the “George Emil Palade” University
of Medicine, Pharmacy, Science and Technology of Tér-
gu Mures, and participation of the included patients was
voluntary. In each case, written informed consent was ob-
tained from the participants.

The questionnaire inquired about personal information
(name, age, address, phone number), biometric parame-
ters (height, weight, blood pressure, parity, delivery data),
lifestyle data (fruit and vegetable consumption, soft drinks,
non-alcoholic drinks, coffee, tea, alcohol, smoking habits,
dietary supplements, habitual stress, sports), health-re-
lated information (preexisting pathology, infectious dis-
eases, pharmaceutical treatment). Exclusion criteria were
preeclampsia or other cardiovascular diseases, gestational
diabetes, and hypothyroidism at admission. Data was re-
corded at admission by highly qualified and trained hospi-
tal personnel, during labor. Information about the delivery
and the newborn were obtained after delivery from the pa-
tients’ medical records (delivery type, birth weight, 1- and
5-minute Apgar score).

The participants were categorized into three groups:
the control group included 60 pregnant women with no
preexisting pathology and physiological pregnancy; the
premature group included 21 pregnant women with pre-
mature rupture of membrane and risk for premature de-
livery; and the cardiac group included 8 pregnant women
with known fetal cardiac disease. The study population
was further separated into subgroups based on smoking/
non-smoking status for the control group and for the pre-
mature and cardiac groups together. In this group, the ex-
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TABLE 1. Baseline characteristics of the study groups

Characteristics Control group

Premature group  Cardiac group

(n=60) (n=21) (n=8)
Parity
Primiparity 30 (50%) 8 (38.09%) 4 (50%)
Multiparity 30 (50%) 13 (61.90% 4 (50%)
Delivery mode 9 (75) 7 (6.48) 0.0001
Vaginal 51(85%) 14 (66.67%) 3(37.50%)
Caesarian 9 (15%) 7 (33.33 %) 5 (62.50%)

clusion criterion was non-responding to the question on
smoking habits. Another subgroup was created based on
dietary supplement use within the three main groups.

Our study complied with the Declaration of Helsinki.
Statistical analysis was performed with GraphPad InStat
version 3 (GraphPad Software Inc, California, USA). We
used Student’s unpaired t test, with and without Welch
correction, Pearson’s correlation test, and Fischer’s test.
The level of significance was set to p <0.05.

RESULTS

The average age of the mothers from the three groups did
not show significant differences. Data regarding baseline
characteristics, including parity and delivery mode, are
shown in Table 1, while maternal ages, gestational ages,
birth weights, and Apgar scores at 1 and 5 minutes are
shown in Table 2.

The weight at birth was not significantly different be-
tween the control and cardiac groups, and neither be-

tween the subgroups of premature babies from smoking
and non-smoking mothers.

Premature newborns had a quasi-harmonious intrauter-
ine growth; there were no differences in weight gain ad-
justed to gestational age, as there was a statistically signifi-
cant correlation between the two parameters (r = 0.8517,
p <0.0001), as shown in Figure 1.

Regarding the habitual use of dietary supplements there
were no statistically significant differences in the mean
birth weight between the subgroups of either the control
or the premature group.

Postnatal adaptation was assessed by the Apgar score
at 1 minute and 5 minutes of life. We obtained statistically
significant differences in 1-minute Apgar scores between
the control and cardiac groups with 9.08 + 1.61 versus 7.87
* 1.24 points, respectively (p = 0.02) (Figure 2).

The same statistically significant differences were ob-
served in case of the 5-minute Apgar score, with a mean
value of 9.45 £ 1.39 versus 8 + 0.92 points, respectively
(p = 0.005).

TABLE 2. Maternal and neonatal clinical characteristics

Characteristics

Maternal age (years, mean + SD)

Gestational age (weeks, mean + SD)

Birth weight (g, mean + SD)
Apgar score at 1 minute
Apgar score at 5 minutes

Characteristics

Maternal age (years, mean + SD)

Gestational age (weeks, mean + SD)

Birth weight (g, mean + SD)
Apgar score at 1 minute
Apgar score at 5 minutes

Control group Premature group  p value
(n=60) (n=21)

26.47+6.24 2333+6.72 0.93
38.93+0.95 32.00+3.91 <0.0001*
3,409.66 + 411.22 1,905 + 78473 <0.0001*
9.08 £1.62 795 +1.84 0.01*
9.45 +1.40 8.86 + 0.91 0.07
Control group Cardiac group p value
(n=60) (n=8)

26.47+6.24 28.88 +5.67 0.30
38.93+£0.95 39.00 £ 0.93 072
3,409.66 + 411.22 3,328.57+£850.03 0.8

9.08 £1.62 795 +1.84 0.05
9.45 £ 1.40 8.00+0.93 0.005
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FIGURE 1.

There were no statistically significant differences in
mean values of the 5-minute Apgar score between the
control (mature) and the premature groups (p = 0.07). As
expected, the premature infants presented a significantly
lower Apgar score at 1 minute compared to controls (7.95
+ 1.83 versus 9.08 = 1.61, p = 0.01 (Table 2).

While assessing the newborns’ postnatal outcomes in
presence of maternal smoking, we observed that smoking
influenced the Apgar score at 1 and 5 minutes in the two sub-
groups of preterm infants (smoking vs. non-smoking: 7.10 +
2.07 vs. 8.72 £ 1.19, p = 0.01 at 1 minute, and 8.4 £ 0.84 vs.
9.27 £ 0.78 points, p = 0.02 at 5 minutes) (Figure 3).

This statistically significant difference was not observed
in case of the control versus cardiac groups divided in sub-
groups according to smoking habits. The incidence of ma-

Apgar 1 minute 9.08 + 1.61 p=0.02

10

7.87+£1.24

9

8

30 31 2 3 H 35 3

Gestational age

Correlation between gestational age and birth weight in the premature group

ternal smoking in the control group was significantly lower
than in the premature + cardiac pooled groups. Maternal
smoking was significantly more frequent in case of in-
fants who were premature or born with cardiac congenital
anomalies compared to controls (p = 0.035, RR = 2.29), as
shown in Figure 4.

Lifestyle- and health-related parameters, including
the presence of smoking, dietary supplements, everyday
stress, and maternal pathology are presented in Table 3.

Maternal pathology at admission included anemia, ges-
tational edema, myopia, thrombophilia, thrombocytope-
nia, lupus erythematosus, obesity, respiratory viral infec-
tion. In the premature group, preeclampsia was present in
one case and non-obstructive hypertrophic cardiomyopa-
thy in one case.

p=0.01

8.72+1.19

Apgar 1 min

7.10£2.07

Mature newboms

Newbarms with cardiac pathology

FIGURE 2. The Apgar score at 1 minute in the newborns of the
control (mature) group versus the cardiac group

Prematures of smoker mothers Prematures of non-smoker mothers

FIGURE 3. The Apgar score at 1 minute in the premature new-
borns of smoking vs. non-smoking mothers
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FIGURE 4. Incidence of maternal smoking in the control vs. pathol-
ogy group (premature and cardiac)

DISCUSSIONS

Pregnancy is characterized by increased oxidative stress
and lipid peroxidation compared with the non-pregnant
state.l” A diet rich in fruits, vegetables, and vitamins with
antioxidant capacity can counteract the oxidative damage.
In their study, Mathews et al. conclude that dietary anti-
oxidant intake during pregnancy is inadequate.'s Alberti-
Fidanza et al. found that there is a transient imbalance be-
tween higher antioxidant requirements and intake during
pregnancy. This is evolving gradually and progressively,
regardless of changes in maternal diet.!?

Preterm neonates have an immature antioxidant defense
system, so we can assume that most of the complications are

Journal of Interdisciplinary Medicine 2020;5(4):146-151

related to this immature antioxidant defense mechanism in
association with an immature immune system and insuffi-
cient fetal maturity. It has been found that neonates exhibit
higher oxidative stress than the mother herself during labor.”

According to a study by Arguelles et al., newborns of
smoking mothers had reduced antioxidant capacity and
increased risk for lipid and protein peroxidation due to
increased oxidative stress. The authors did not find statis-
tically significant differences in the concentration of oxi-
dative stress biomarkers during different birth types. They
also concluded that even if the former smoker mother did
not smoke during pregnancy, her oxidative stress state was
increased, and there was a 14.3-fold higher possibility for
lipid peroxidation. The mother’s increased oxidative state
produced by smoking showed a similar increase in the ne-
onate’s oxidative state. In accordance with other authors,
the consequences of smoking impact fetal development,
leading to intrauterine growth retardation.* Although our
study did not have the power to demonstrate significant
differences regarding weight at birth among different sub-
groups related to smoking status, it does not mean that
smoking had no effect on fetal development. The exact as-
sessment of the consequences of smoking on fetal devel-
opment is to determine the parameters of oxidative stress
and its effects on lipid peroxidation. However, our study
showed that smoking had a negative effect on the Apgar
score, which was lower in the subgroup of smoking moth-
ers from the premature group. An association of the two
risk factors (prematurity and smoking) may aggravate the
postnatal outcomes of the newborn.

TABLE 3. Baseline characteristics of the study groups — maternal history

Characteristics Control group

Premature group  Cardiac group

(n =60) (n=21) (n=8)

Maternal smoking*

Yes 16 (26.66%) 9 (42.85%) 4 (50.00%)

No 37 (61.66%) 8 (38.09%) 4 (50.00%)

No response 7 (1.66%) 4 (19.04%) 0 (0.00%)
Dietary supplement*® 51(85%) 14 (66.67%) 3 (37.50%)

Yes 35 (58.33%) 10 (47.61%) 7 (87.50%)

No 16 (26.66%) 7 (33.33%) 1(12.50%)

No response 9 (15.00%) 4 (19.04%) 0 (0.00%)

Stress*

Yes (low/medium/high) 28/14/3 (75%)

No 7 (1.66%)

No response 8 (13.33%)
Maternal pathology

Yes 35 (58.33%)

No 25

410 (71.42%) 4/1/0 (62.50%)

5 (23.80%) 2 (25.00)
1(4.76%) 1(12.50%)
18 (85.71%) 7 (87.5%)
2 1

* Exclusion criteria to be included to statistical evaluation: no response was given
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According to Karacor et al., oxidative stress markers
were elevated in oxytocin-induced labor, but this had no
effect on the Apgar score.!'” Our study also included sev-
eral oxytocin-induced deliveries. According to Negi et al.,
intrauterine growth retardation associated with oxidative
stress has a negative effect on the development of fetal an-
tioxidant defense mechanisms. They also showed that non-
enzymatic antioxidant (e.g., vitamin A, E, C) levels in the
cord blood of preterm low-birth-weight newborns were
significantly lower compared with full-term newborns.
According to their observation, these micronutrients can
transform oxidative status and thus may extend the preg-
nancy to full term, or may prevent lipid, protein, and DNA
damage.2’ We did not observe this protective effect of the
antioxidant dietary supplements in our study group. The
observation of Negi et al. was in accordance with the one
made by Howlader et al., who also concluded that there
were increased levels of lipid peroxides and a decrease in
the concentration of antioxidants such as vitamin C in case
of preeclampsia.?!

Knowing these facts, our exclusion criteria were based
on excluding subjects from the control group with preex-
isting pathology that can enhance oxidative stress (hyper-
tension, diabetes mellitus, hypothyroidism) in pregnancy,
when oxidative stress is proportionally higher compared to
non-pregnant status.

Study limitations

This study has the limitation of a small sample size (n = 21)
in the premature group, and the association needs further
investigation on a larger scale. Another limitation of the
study is that data regarding smoking status was obtained
by questionnaires filled in by the pregnant women, and
there might be differences between the reported number
of smoked cigarettes and their real smoking habits.

CONCLUSIONS

The Apgar score was lower in case of combined risk fac-
tors (smoking and poor antioxidant mechanisms). We also
observed that smoking had a negative effect on the out-
come of the newborn in case of the premature and cardi-
ac groups. The prevention of smoking during pregnancy
could be beneficial in reducing fetal exposure to increased
oxidative stress.
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ABSTRACT

Introduction: Anastomotic leakage is one of the most serious surgical complications that can
increase the potential postoperative morbidity, mortality, and overall costs of patient care. Aim
of study: To assess the economic burden of anastomotic leakage and to estimate its major clini-
cal effects on patient evaluation. Materials and methods: We retrospectively reviewed single-
surgeon data about patients who underwent surgical intervention for colorectal cancer at the
2nd Surgery Department of the Mures County Emergency Clinical Hospital between January
2019 and July 2020. We assessed general characteristics, surgical data, postoperative infor-
mation, oncologic results, and financial aspects for each patient. Depending on the presence
of anastomotic leakage, patients were divided into two groups: a study group (SG) — patients
with postoperative anastomotic failure, and a control Group (CG) — patients without postopera-
tive anastomotic failure. Results: Patients with anastomotic leakage presented increased use of
antibiotics, greater number of surgical reinterventions, longer period of intensive care treatment,
prolonged hospitalization, increased overall costs, and significantly greater financial loss for the
hospital. Conclusion: Anastomotic leakage leads to important negative effects, including longer
hospitalization, prolonged intensive care unit stay, greater incidence of surgical reintervention,
increased hospitalization costs, and significant financial loss.

Keywords: anastomotic leakage, economic burden, medical effects, hospitalization costs

INTRODUCTION

Anastomotic leakage is one of the most serious surgical complications that can
occur in the postoperative period. Studies report rates from 1.5% to 16% for
anastomotic leaks (ALs) following colorectal cancer surgery. These complica-
tions increase postoperative morbidity, mortality, and the overall costs of pa-
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tient care. Clinical manifestations of ALs will often lead
to hospital readmission, causing considerable additional
medical and financial burden on both patients and health-
care providers. However, the impact of ALs on hospital-
ization costs varies across different economies, especially
in low- and middle-income countries. Financial burden
causes additional challenges due to the possibility of lim-
ited resources. Recently conducted studies have highlight-
ed that ALs increase total hospitalization costs by 0.5-1.9
times. Therefore, a survey of their primary medical effects
and financial consequences represents an important guide
for health professionals.!-5

AIM OF STUDY

The primary objective of the study was to assess the eco-
nomic burden of anastomotic leakage and to estimate its
major medical effects throughout the patients’ clinical
evaluation.

MATERIALS AND METHODS

Study design

The study included 120 patients who underwent surgery
for colorectal cancer at the 2nd Surgery Department of
the Mureg County Emergency Clinical Hospital from Tér-
gu Mures between January 2019 and July 2020. In order
to reduce the impact of various surgical habits or experi-
ence, only cases handled by the same surgical team were
analyzed. An electronic database was created using the H3
Concept Healthcare Electronical System, including infor-
mation about patient admission, diagnosis, laboratory and
imaging investigations, surgical procedures, medication,
materials used during hospital stay, and hospitalization
costs. The system provides reliable information for sev-
eral time periods: prior to admission, during admission,
short-term follow-up, and readmissions. Exclusion criteria
included age <18 years, surgery in emergency conditions,
and all cases where anastomosis was not possible and stoma
formation was required during the surgical intervention.

Variables and study groups

For each patient, multiple variables were evaluated:

— general characteristics: age, gender, tumor location,
anemia at the time of admission;

— surgical assessment: main surgical procedure, pro-
tective stoma formation, anastomosis, execution of
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anastomosis, type of anastomosis, duration of sur-
gery, mean intraoperative blood loss;

— postoperative data: anemia during follow-up, start of
bowel motility, start of oral feeding, development of
AL, onset of AL, debit of AL, surgical reintervention,
intensive care unit (ICU) stay, length of hospital stay,
30-day readmission, length of secondary hospital
stay, in-hospital mortality;

— oncologic outcome: local tumoral spread, distant
metastasis, TNM staging;

— financial aspects: costs for hospital stay, laboratory
tests, radiological investigations, surgical treatment,
and medication; DRG index, hospital income, index
hospitalization costs, hospital profit or loss.

Based on hemoglobin (Hb) levels, perioperative anemia
was categorized into mild (Hb >11 g/dL), moderate (Hb
8-11 g/dL), and severe (Hb <8 g/dL). Return of bowel
motility was categorized into average (1-4 days) and late
return (>5 days). Oral feeding was categorized into early
(on postoperative day 1-2) and late oral feeding (after the
return of bowel motility). Based on the onset of AL, we
distinguished early (1-4 days), moderate (5-10 days), and
late (>30 days) occurrence of AL. For the classification of
anastomotic failure, we used the grading system proposed
by the International Study Group of Rectal Cancer: grade
A - asymptomatic leakage; grade B - requires active in-
tervention without relaparotomy; grade C - requires re-
laparotomy. Length of stay in the ICU was categorized as
follows: without AL, short (1-2 days), and prolonged (>3
days). Hospitalization was categorized into primary or in-
dex hospitalization (during which the surgical interven-
tion was performed in order to treat the colorectal cancer)
and secondary hospitalization (following readmission for
complications).

Depending on the presence of AL, patients were di-
vided into two groups: a study group (SG) - patients with
postoperative anastomotic failure; and a control group
(CG) - patients who did not develop such a complication
after surgical intervention.

Statistical analysis

Data were collected into an electronic database using Mi-
crosoft Excel. Statistical analysis was performed using
GraphPad Instat software (GraphPad Software, Inc., San
Diego, United States of America). Qualitative data were
expressed as integer values and percentages, while quan-
titative results were expressed as mean and median, after
normality testing was performed. The statistical difference
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TABLE 1. Major medical effects of anastomotic leakage
Patients with AL Patients without AL p value
n=12 n =108
Antibiotic use, n (%)
Prophylactic 0 (0) 95 (87.96) 0.0001
Long-term treatment 12 (100) 13 (12.04) 0.0001
Necessity of relaparatomy, n (%) 9 (75) 7 (6.48) 0.0001
Stoma formation during reintervention, n (%) 9 (75) 0 (0) -
Length of ICU stay
No ICU stay 2 (16.67) 89 (82.41) 0.0001
1-2 days 6 (50) 13 (12.04) 0.0037
>3 days 4(33.33) 6 (5.56) 0.0090
Average length of index hospitalization, days 17.41 10.48 0.0001
In-hospital mortality, n (%) 3(25) 4 (3.70) 0.0216
30-day readmission, n (%) 3(25) 11(1018) 0.3914
Average length of second hospitalization, days 767 572 0.1001

AL — anastomotic leakage; ICU — intensive care unit; Index hospitalization — primary hospital stay prior to surgical intervention; Secondary hospitaliza-

tion — hospital stay after readmission

between groups regarding quantitative data was calculated
using Student’s t test or Mann-Whitney test when appro-
priate. Categorical data was analyzed using Fisher’s exact
test. The level of statistical significance was set at a p value
of 0.05, with a confidence interval of 95% for all calculated
parameters.

RESULTS

A short summary of the major medical effects of anasto-
motic leakage is presented in Table 1.

Patients in the SG received prolonged antibiotic therapy
during hospitalization, while patients in the CG received
mostly prophylactic treatment (p = 0.0001). Surgical re-
intervention was also carried out in a higher proportion in
patients from the SG (p = 0.0001), 75% of these patients
requiring a second laparotomy in order to treat complica-
tions caused by the fistula. Most of these cases required
anastomotic takedown and stoma formation. Regarding
ICU stay, the majority of patients in the CG did not require
intensive care treatment (p = 0.0001). On the other hand,
patients who developed ALs spent longer periods in the
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TABLE 2. Financial aspects in patients with and without anastomotic leakage

Patients with AL Patients without AL p value

n=12 n =108

Average costs for laboratory test 70.09 4792 0.5260
Average costs for radiological invest. 5.94 4.06 0.0303
Average costs for surgical treatment 440.3 557.92 01400
Average costs for medication 308.49 208.82 0.0285
Average index hospitalization costs 1973.32 181.97 0.0009
Average DRG of treated patients 369 3.31 0.3731
Average loss-profit/patient —754.5 +45.6 0.0032

All values are calculated in EUR.

ICU (1-2 days p = 0.0037; >3 days p = 0.0090). Index hos-
pitalization was also significantly longer (p = 0.0001) for
patients from the SG, with an average of 17.41 days. There
were no significant differences between the two groups
regarding the length of secondary hospitalization. The pri-
mary cause for 30-day readmission varied in the two groups
and included the following: surgical site infection (SG - 1,
CG - 4), gastrointestinal cause (SG - 1, CG - 3), genito-
urinary cause (SG - 1, CG - 0), cardiovascular cause (SG
-0, CG - 1), and other cause (SG - 0, CG - 3) (Figure 1).
In-hospital mortality was also significantly higher in pa-
tients with AL (p = 0.0216).

Results regarding the financial aspects are presented in
Table 2.

While costs for laboratory tests and surgical treatment
did not show important dissimilarities, costs for radio-
logical examinations (p = 0.0303) and medication (p =

Prolonged ICU stay (p = 0.0458)

Surgical reintervention (p = 0.0111)
Development of AL (p = 0.0001)

Advanced stages of cancer (p = 0.033)
Perioperative anemia (p = 0.0522)

Tumors with distal localization (p = 0.0215)

Age >75 years (p = 0.0046)

0.0285) were significantly higher in case of patients with
ALs. The DRG-based case coefficient was nearly similar,
without statistically important differences, while the index
hospitalization costs were significantly higher for patients
with anastomotic leakage (p = 0.0009). Furthermore, the
presence of AL determined significant financial loss for the
hospital budget (p = 0.0032). When analyzing each factor
individually (Figure 2), we observed that prolonged ICU
stay (p = 0.0458, OR = 4.98, RR = 1.8), surgical reinterven-
tion (p = 0.0111, OR = 5.333, RR = 1.9), anastomotic leak-
age (p = 0.0001, OR = 34.89, RR = 2.4), advanced stages
of cancer (p = 0.033, OR = 2.65, RR = 1.6), perioperative
anemia (p = 0.0522, OR = 7.294, RR = 1.9), tumors with
distal localization (p = 0.0215, OR = 3.122, RR = 1.6), and
advanced age (p = 0.0046, OR = 3.438, RR = 1.8) were in-
dependent risk factors contributing to the increase of hos-
pitalization costs.

34.89

10 15 20 25 30 35 40

mRR mOR

FIGURE 2.

Factors independently affecting increase of hospitalization costs
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DISCUSSIONS
Antibiotic usage

The present study found that in case of anastomotic leak-
age, the use of antibiotics increased significantly. Only
12.03 % of patients in the CG received sustained antibi-
otic treatment; the rest presented favorable evolution with
prophylactic antibiotic therapy. All patients with anasto-
motic leakage required prolonged medication in order to
treat the septic complications of AL. Ribeiro Jr et al. re-
ported similar results, highlighting that ALs increased an-
tibiotic use by nearly 70%.5 Similar results were found in
other studies as well.”

Surgical reintervention and quality of life

In the postoperative period, a second laparotomy was nec-
essary in nine patients (75%) in the SG and seven patients
(6.48%) in the CG. It can be stated that ALs had a strong
influence on the surgical reintervention rate, causing addi-
tional stress in the healing process of patients. All C-grade
ALs were operated, anastomotic takedown and stoma for-
mation being applied in the majority of cases. Stoma for-
mation has seriously affected the patients’ quality of life, as
confirmed by other, similar studies.®?

Intensive care unit stay

In the present study, 83.33% of patients in the SG required
ICU admission and treatment, compared to only 17.59% of
patients from the CG. In a study based on 1,684 intestinal
resections, Byrn et al. observed that the presence of ALs
had a strong influence on the length of stay in the ICU.10
Dale et al. also highlighted prolonged ICU stays in case of
patients with anastomotic leakage.!!

Hospitalization period and readmissions

Regarding the length of hospitalization, anastomotic
leakage seemed to influence the index hospitalization in
a significant manner. The hospitalization of patients with
AL was one week longer on average compared to patients
with anastomotic integrity. Hammond et al. also found a
significantly longer hospitalization period.!> The second-
ary hospitalization was similar among patients with and
without AL. In contradiction with our results, several
studies found that the secondary hospitalization was also
significantly prolonged due to the presence of anastomot-
ic leakage.!3
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We observed different reasons for hospital readmission
in the two studied groups. The main reasons for hospital
readmission for patients with anastomotic leakage were
surgical site infection, urinary infection, and stenosis of
the terminal colostomy. Meanwhile, in case of patients
without AL in the postoperative period, surgical compli-
cations developed in only a few cases (bowel obstruction,
surgical site infection). Other reasons for rehospitalization
included medical conditions such as pneumonia, acute
myocardial infarction, and abdominal pain (without sur-
gical cause). Although twice as many patients with anas-
tomotic leakage were forced to attend a second hospital
admission (25%), the statistical analysis did not show sig-
nificant differences between the two groups, probably due
to the smaller sample size. Krell et al. found that hospital
readmissions were more frequently caused by postopera-
tive complications.!* It is well known that the development
of anastomotic leakage increases morbidity and mortality
in a significantly manner. Many studies found that anas-
tomotic leakage has a significant negative impact on the
postoperative evolution of patients.!516

Financial considerations

In terms of economic impact, total costs were considerably
greater for patients with ALs compared to patients with-
out this complication. The DRG-based case index did not
differ notably; as a result, hospital income after a resolved
case was almost identical in the two groups. Therefore, pa-
tients with anastomotic leakage produced a major loss for
the hospital, with an average of €750 per patient. Mean-
time, hospital profit after a patient without complications
was only €45 on average. Consequently, it is easy to under-
stand that ALs have devastating economic consequences.
Other studies presented similar results.!”-!8 Multivariate
analysis identified multiple factors independently affecting
the elevation of hospitalization costs. Springer et al. found
that ALs and the necessity of surgical reintervention sig-
nificantly increased overall costs.!® Furthermore, Macafee
et al. identified advanced stages of cancer and distal tumor
localization as potential factors contributing to excessive
hospitalization costs,2 while Feng et al. observed that peri-
operative anemia has significant effects on the financial
balance.?!

CONCLUSION

In conclusion, anastomotic leakage leads to important
medical effects including longer hospitalization, prolonged
intensive care unit stay, and greater incidence of surgical
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reintervention. An important economic burden can also
be noticed, increasing hospitalization costs by 1.66 times
and resulting in significant financial loss for the hospital.
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variant is the most common clinical presentation. Other variants include the nodular, plaque,
mixed, and elephantiasis types. Usually, the main concerns of the patients are cosmetic, discom-

fort, and difficulty in wearing shoes. Thyroid dermopathy usually presents after the diagnosis of
Graves’ disease, but it may also present together or sometime after this condition. Rarely, thyroid
dermopathy presents before the diagnosis of Graves’ disease is made. Apart from the shin and
feet, other sites that can be affected include the arms, forearms, back, thighs, pinna, and nose.
The management is multidisciplinary, involving dermatologists and endocrinologists. Usually,
controlling the thyroid dysfunction does not translate into regression of the skin lesions. How-
ever, many patients have their thyroid dermopathy regress spontaneously, while others usually
require local therapy. Other therapeutic options include systemic therapy such as pentoxifylline,

compressive physiotherapy, and surgery.
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INTRODUCTION

The thyroid gland is a butterfly-shaped endocrine organ located in the neck. It
produces thyroid hormones, which regulate metabolic activities in the body.
Hyperthyroidism is a clinical syndrome caused by excessive production and se-
cretion of thyroid hormones. The commonly reported clinical features are heat

intolerance, anxiety, excessive sweating, palpitation, fatigue, hyperdefecation,
and menstrual disturbance.! Graves’ disease, an autoimmune disorder, is the
most common cause of hyperthyroidism.2 Occasionally, it affects other organs

such as the eyes and the skin.
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Thyroid dermopathy, sometimes called pretibial myx-
edema, is found in about 0.5-4.3% of patients with Graves’
disease.? It is an infiltrative dermopathy diagnosed in the
presence of typical symptoms and signs, biochemical evi-
dence of thyroid dysfunction or evidence of the character-
istic autoimmune markers, as well as pathological findings
in the skin.3 It manifests in various ways, affecting the skin
of different parts of the body.

PATHOGENESIS

In genetically predisposed individuals, thyroid dermopa-
thy results from an immunological cross-reaction oc-
curring in the skin, where thyroid stimulating hormone
(TSH) receptor antibodies stimulate the fibroblasts in the
connective tissue.* In vitro studies have demonstrated that
fibroblasts in the skin and orbit express TSH receptors on
their cell surface.

Activation of the fibroblasts make them overproduce
glycosaminoglycans, leading to fluid retention in the con-
nective tissue of the skin. The antigen-antibody response is
initiated by the activation of T lymphocytes. Other factors,
such as localized trauma and venous stasis, have also been
suggested to contribute to the development of thyroid der-
mopathy.

Histopathologically, reduced collagen fibers, exten-
sive mucin deposition, reduced elastic tissue, and edema

Genetic predisposition

Inciting event such as
localized trauma

T lymphocyte activation

Fibroblast activation by
TSH receptor antibodies

Production of
glycosaminoglycans

FIGURE 1. The pathogenesis of thyroid dermopathy
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are the characteristic findings.?> Other rarely documented
pathological features include hyperkeratosis, acanthosis,
and papillomatosis.? The pathogenesis of thyroid dermop-
athy is summarized in Figure 1.

RISK FACTORS

Risk factors for the development of thyroid dermopathy
are not known. However, some researchers have suggested
that previous radioiodine therapy, smoking, thyroid hor-
monal imbalance, as well as the presence of Graves’ orbi-
topathy could predispose an individual to developing thy-
roid dermopathy.”

SITES OF THYROID DERMOPATHY

The term ‘pretibial myxoedema’ is less favored to thyroid
dermopathy because the skin lesions are found in many
other areas apart from the pretibial area. The most com-
mon sites documented in the literature and their frequency
are illustrated in Table 1.3 The reasons for lower limb pre-
dilection are not known. Some hypotheses include gravi-
tational forces and a higher concentration of fibroblasts.3

CLINICAL PRESENTATION OF
THYROID DERMOPATHY

Thyroid dermopathy is found mostly in Graves’ disease
but it has also been documented in patients with Hashi-
moto thyroiditis, atrophic thyroiditis, and in euthyroid
individuals.6 It is also more frequently seen in females
compared to males. This may be due to the fact that au-
toimmune thyroid disorders are generally more common
in females.> The main reasons for presentation include
cosmetic complaints, discomfort, and difficulty in wear-
ing shoes.

TABLE 1. Sites of thyroid dermopathy and their frequencies
Site Frequency
Pretibial only 94%
Pretibial + feet 4%
Pretibial + upper extremities <1%

Arms <1%
Preradial forearms <1%

Upper back <1%
Shoulder <1%
Pinnae <0.5%
Nose <0.01%
Thigh <0.01%
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The temporal profile of thyroid dermopathy in relation
with Graves’ disease is variable. Usually, it occurs after the
diagnosis of Graves’ disease but it may also predate it, or
they may present concurrently.? Often, it occurs after the
onset of Graves’ orbitopathy, another manifestation of
Graves’ disease with similar pathophysiology.

Thyroid dermopathy needs to be differentiated from
lichen planus, stasis dermatitis, lichen simplex chronicus,
and necrobiosis lipoidica. Thus, a review by a dermatolo-
gist is crucial in the management of thyroid dermopathy.

TYPES OF THYROID DERMOPATHY

Thyroid dermopathy presents in various forms. The vari-
ous clinical variants are discussed briefly below. Figure 2
illustrates the clinical variants of thyroid dermopathy and
their frequencies, based on the findings of a retrospective
study conducted by Sabanova et al.8

The diffuse thyroid dermopathy variant usually pres-
ents as non-pitting edema. It is the most common variant
and is characterized by induration of the skin giving the
classical ‘peau d’ orange’ sign.> Some patients, in addi-
tion to the peau d’orange sign, also have diffuse hyperpig-
mented papules. Other variants are nodular and diffuse
plaque types. Rarely, patients present with mixed nodu-
lar and plaque type. The elephantiasis variant, which
presents like the late stage of lymphatic filariasis, has also
been documented.® This is often accompanied by signifi-
cant functional disability. The complications of thyroid
dermopathy include psychological distress, superim-
posed bacterial infection, recurrence, and entrapment
neuropathy causing foot drop.?

TREATMENT OF THYROID DERMOPATHY

The treatment of thyroid dermopathy requires a collabora-
tive effort from the endocrinologist and the dermatologist.
The treatment is often challenging; in many patients, the
duration of treatment requires months before regression
begins, but they mostly regress eventually.# Studies have
shown that control of the thyroid dysfunction may not
necessarily lead to the regression of thyroid dermopathy.2
Topical steroids, and in some instances intralesional ste-
roid, with or without occlusion, have been used with some
moderate response. In some severe variants, compres-
sive physiotherapy as well as surgery have been adopted
as therapeutic options. Newer therapies include the use of
pentoxifylline and somatostatin analogues to reduce the
production of glycosaminoglycans. However, there is a
paucity of data on the outcomes of these treatment mo-
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FIGURE 2. Thyroid dermopathy variants and their frequencies8

dalities. In resistant cases, intravenous globulins or plasma-
pheresis have been attempted.?

PROGNOSIS

Largely, the prognosis of thyroid dermopathy is good. A
study done by Schwartz et al., assessing the long-term
outcome of thyroid dermopathy, reported that close
to half of the patients in the series regressed spontane-
ously, without requiring any intervention.* The majority
of patients requiring therapy had only topical steroids
or intralesional steroids, and most of them had a signifi-
cant response to therapy in form of partial or complete
regression.

CONCLUSIONS

Thyroid dermopathy is an infiltrative dermopathy
caused by the accumulation of glycosaminoglycans de-
posited by skin fibroblasts activated by TSH receptor-
stimulating antibodies. They are found in less than 5%
of Graves’ disease patients. The most frequent presen-
tation is diffuse non-pitting edema. Other variants in-
clude nodular, plaque, elephantiasis, and mixed types.
The most common sites involved are the pretibial area
and feet, while other sites, such as the upper limbs, back,
and thighs, are rarely involved. Thyroid dermopathy re-
solves spontaneously in many patients. Local therapy is
the most commonly employed treatment modality, and
management requires inputs from the dermatologist and
the endocrinologist.
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ABSTRACT

The aim of this review is to provide a short update on whether treatment with angiotensin-
converting enzyme inhibitors (ACEls) or angiotensin receptor blockers (ARBs) has beneficial or
harmful effects in patients infected with SARS-CoV-2. Epidemiological studies have shown that
SARS-CoV-2 infects all age groups, presenting a higher incidence in elderly patients with various
comorbidities such as hypertension, diabetes mellitus, and cardiovascular diseases. A large pro-
portion of these patients are treated with ACEls and ARBs. Since it has been demonstrated that
SARS-CoV-2 uses angiotensin converting enzyme type 2 (ACE2) as an entry point into host cells,
itis important to know whether ACEIs and ARBs could modify the expression of this enzyme, and
thus promote the viral infection. Animal studies and a few studies in humans have shown that
renin angiotensin system (RAS) inhibitors increase tissue expression of ACE2, but with potentially
beneficial effects. In this context, it is imperative to provide appropriate guidance for clinicians
and patients. The major cardiology associations across the world have released statements in
which they recommend healthcare providers and patients to continue their treatments for hyper-
tension and heart failure as prescribed.

Keywords: COVID-19, ACE2, angiotensin-1-7, RAS inhibitors

INTRODUCTION

In December 2019, a number of cases of atypical pneumonia with an unknown
pathogen were reported in Wuhan City, Hubei Province, China. The pathogen
was later identified as a member of the Coronaviridae family and was named
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), while the dis-
ease caused is called coronavirus disease 2019 (COVID-19). The severe acute
respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory
syndrome-related coronavirus (MERS-CoV) are also part of this family. As a
side note, this is the third consecutive decade in which a coronavirus crosses
species to infect humans (SARS-CoV has infected more than 8,000 people in
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2002-2003, and MERS-CoV has infected more than 2,500
people since 2012).12 On January 13, the first case of CO-
VID-19 infection was reported outside of China, while in
Europe, the first case was reported on January 24. Due to
the high rate of contagion and the aggressiveness of the
disease, but also due to the lack of reactivity from the au-
thorities, on March 11, the World Health Organization de-
clared it a pandemic. Until the middle of June 2020, there
were 7,670,880 confirmed cases and 427,097 deaths, across
311 countries worldwide.? Unfortunately, in the absence of
an effective treatment or medical intervention, attempts
to control the spread of the infection have relied on non-
pharmaceutical intervention. This includes promotion of
personal hygiene, social distancing, closing of schools and
other public places, identification of infected cases and
their contacts, and also preparation of health systems for
a wave of severely ill patients who require intensive care
and isolation.*

From the beginning of the pandemic it was shown that
positive patients were more likely to have hypertension,
diabetes mellitus, and other cardiovascular diseases, and
had a clear indication for treatment with angiotensin-con-
verting enzyme inhibitors (ACEIs) or angiotensin receptor
blockers (ARBs). This had given rise to several concerns
because SARS-CoV-2 uses angiotensin-converting enzyme
type 2 (ACE2) to enter the host cells. Also, renin angio-
tensin system (RAS) inhibitors increase the expression of
ACE2, presumably resulting in higher infectivity of SARS-
CoV-2, with development of a more severe form of the dis-
ease.>¢ Because of these hypotheses, the rapidly evolving
nature of the infection, and also panic spread via news and
social media, official statements based on medical evidence
were necessary for both clinicians and patients.

The aim of this paper is to offer a brief look at the cur-
rent evidence regarding the continuation or interruption
of treatment with ACEIs and ARBs in the context of the
COVID-19 pandemic.

CLINICAL PROFILE OF PATIENTS
THAT ARE VULNERABLE TO COVID-19
INFECTION AND COMPLICATIONS

Initial epidemiological studies have shown that SARS-
CoV-2 infects all age groups, but elderly male patients
with comorbidities, especially cardiovascular diseases,
hypertension, or diabetes have a higher risk of developing
a more severe form, requiring admission to the intensive
care unit and mechanical ventilation.”8 An observational
study on 8,910 patients with COVID-19 found that old age,
coronary heart disease, heart failure, a history of cardiac
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arrhythmias, chronic obstructive pulmonary disease, and
smoking were associated with a higher risk of in-hospital
death.? In this context, many clinicians and patients had
become aware of the possible interrelation between SARS-
CoV-2 and the RAS. Due to the high global prevalence
of hypertension, estimated at 1.13 billion in 2015, a high
number of patients are likely be treated with RAS antago-
nists (ACEIs or ARBs).!? The majority of studies regarding
COVID-19 patients did not take into account the treat-
ment for various comorbidities, and therefore the number
of patients taking ACEIs or ARBs is unclear. However, two
studies have shown that 15-20% of hospitalized patients
were on treatment with ACEIs or ARBs, and about 50%
of them discontinued treatment during hospitalization.%!!

WHAT IS THE LINK BETWEEN THE
RAS AND SARS-CoV-2?

The RAS plays a central role in blood pressure regulation.
Renin is an enzyme that is synthesized and released by the
juxtaglomerular cells in response to decreased blood pres-
sure and low sodium levels, or due to an increased acti-
vation of the sympathetic nervous system. Renin converts
the enzymatically inactive angiotensinogen to angiotensin
I, which is transformed into angiotensin II by the angioten-
sin-converting enzyme (ACE), present in the endothelium
of lung vessels. Angiotensin II is a strong vasoconstric-
tor, particularly at the level of arterioles, acting on both
the short- and long-term regulation of blood pressure and
increasing peripheral vascular resistance. Angiotensin II
also reduces sodium excretion by stimulating the release
of aldosterone. Besides hemodynamic effects, angioten-
sin IT stimulates the inflammatory response and promotes
the generation of reactive oxygen species.'> Angiotensin
I is then converted to angiotensin-1-7 (Ang-1-7) by the
membrane-bound ACE 2. Ang-1-7 causes vasodilation and
presents anti-inflammatory and antifibrotic effects. Thus,
ACE2 has two effects: reducing plasma concentrations of
angiotensin II (decreasing vasoconstriction) and produc-
tion of Ang-1-7 (increasing vasodilation).! Despite its
beneficial effects, ACE2 has a dark side: SARS-CoV-2 uses
this enzyme for gaining access into host cells. Binding and
entry of SARS-CoV-2 is facilitated by attachment between
the S (spike) protein located on the viral envelope and the
enzymatic domain of ACE2.* However, a cofactor rep-
resented by the serine protease TMPRSS?2 is needed for
priming the S protein and activating the entry process.!516
Expression of both ACE2 and TMPRSS2 has been found
in human nasal and respiratory tissues, bronchial epithe-
lium, and type II alveolar cells.'”
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Thus, ACE2 may be considered the link between the
RAS and SARS-CoV-2. However, the question still remains
whether ACEIs and ARBs can influence the concentration
of ACE2 and modify the course of SARS-CoV2 infection.
ACEIs and ARBs are first-choice medication used for the
treatment of hypertension and heart failure. In the past few
months, the usefulness of RAS inhibitors has become an is-
sue due to lack of proper clinical data on their effects in the
setting of COVID-19. The main concern is that ACEIs or
ARBs could increase the level of ACE2, leading to a higher
number of viral entry points and increasing the suscepti-
bility to infection or severity of the disease. The dilemma
arose from the fact that increased levels of ACE2 reduce
inflammation and can lead to a milder form of lung injury.
Currently, there are two hypotheses regarding this mecha-
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nism. One states that RAS inhibition may have a harmful
effect by increasing ACE2 levels and thereby promoting
viral entry. The second hypothesis claims that RAS inhi-
bition decreases angiotensin II synthesis and using ARB
prevents angiotensin II from binding to angiotensin II
type I receptor (AT1R) and also stabilizes the ATIR-ACE2
complex. This is subsequently preventing ACE2 internal-
ization and degradation, with a weaker inflammatory re-
sponse and attenuated lung injury.!8 These classes of medi-
cations do not interact directly with ACE2 because they
do not bind and inhibit the active site of the enzyme, but
there has been significant evidence in animal studies that
showed increased expression of ACE2 after treatment with
ARBs and ACEIs.!%20 Angiotensin II treatment promoted
ACE2 internalization, leading to a significant reduction in

TABLE 1.

angiotensin receptor blockers

Outcomes of the main studies investigating the relationship between Sars-CoV-2 infection and the use of ACE inhibitors or

Study

Population

Aim

Finding

Commentary

Mehra et al.?

Meng et al.32

Mancia et al.33

Reynolds et al.34

Mehta et al 35

de Abajo et al36

Khera et al.37

8,910 patients who were
discharged alive or died

51 positive patients with
hypertension

6,272 positive patients
30,759 controls

12,594 patients tested for
COVID-19 and taking antihy-
pertensive drugs

18,472 tested for COVID-19

1139 positive patients11,390
controls

a) 853 positive outpatients
receiving ACEls or ARBs
vs. 853 positive outpatients
receiving other antihyper-
tensive drugs

b) 1,731 COVID-19 patients
taking ACEls and 1,580
COVID-19 patients taking
ARBs matched to COVID-19
patients taking other antihy-
pertensive drugs

Relationship of cardiovas-
cular disease and drug
therapy with in-hospital
death among hospitalized
patients with COVID-19

Ability of RAS inhibitors to
protect against COVID-19 in
patients with hypertension

Association between the
use of RAS inhibitors and
susceptibility to COVID-19

Relation between five
classes of antihypertensive
drugs (ACEI, ARB, BB, CCB,
thiazide diuretics) and likeli-
hood of a positive test

Association between use of
ACEls or ARBs with testing
positive for COVID-19

Use of RAS inhibitors and
risk for admission to hospi-
tal in COVID-19 patients

Use of ACEIs or ARBs and
risk for hospitalization

Mortality in inpatient cohort
receiving ACEls or ARBs
vs. inpatient cohort taking
other antihypertensive
drugs

No increased risk of in-
hospital death was found to
be associated with the use
of ACEls or ARBs

Therapy with ACEls or
ARBs was associated with
decreased viral load

ACEIls and ARBs were not
associated with the risk for
COVID-19 infection

No class of antihyperten-
sion drugs was associated
with an increase in the risk
for testing positive

No association between
ACEIl or ARB use and CO-
VID-19 test positivity

RAS inhibitors did not
increase risk of COVID-19
requiring admission

Patients receiving ACEls
were less frequently
hospitalized than those
receiving other antihyper-
tensive drugs. There was
no significant association
between ARB therapy and
hospitalization.

Mortality did not differ be-
tween inpatient groups

Factors associated with increased
risk of in-hospital death: >65 years,
coronary artery disease, heart
failure, cardiac arrhythmia, chronic
obstructive pulmonary disease,
current smoking

Use of ACEls or ARBs did not show
any association with mortality in
positive patients

Patients with diabetes mellitus and
treatment with RAS inhibitors had a
lower risk for hospital admission
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its enzymatic activity on the cell membrane. Losartan not
only prevented internalization and degradation of ACE2,
but also increased its expression 3-fold.2! In two lung in-
jury animal models, the activation of angiotensin type 1
receptors had led to increased intensity of tissue injury,
while a marked signaling of the ACE2 system has reduced
the harmful effects.’922 Another study showed that in mice,
gene expression of ACE2 was increased 5-fold and 3-fold
after treatment with lisinopril and losartan, respectively.!3
Of note, in mice, the loss of ACE is associated with resis-
tance to SARS-CoV-2 infection, but also with increased
vascular permeability, edema, leucocyte infiltration, and
lung injury.’%20 Conversely, overexpression of the ACE2
gene favored a better outcome after myocardial infarction
in remodeling and improving ejection fraction.23:24

In humans, the effects of RAS inhibitors on the activity
of ACE2 and Ang-1-7 are scarce. The blockade of ATIR,
achieved by the administration of losartan or olmesartan,
was accompanied by significant upregulation of ACE2 ex-
pression and increased levels of Ang-1-7.25 Similarly, in an-
other study, Ang-1-7 levels were not modified after initial
treatment with captopril in patients with hypertension, but
after exposure to captopril for 6 months, the level of ANG-
1-7 increased.?6 The majority of data regarding the effect
of RAS inhibitors on ACE2 expression was acquired from
preclinical models and may not always translate to human
physiology. Although ACE?2 is insensitive to ACEIs, stud-
ies have shown that ACEI treatment in patients with viral
pneumonia was associated with improved outcomes.?7-30
Furthermore, treatment with RAS inhibitors was associ-
ated with a reduction in viral load. This was probably an
indirect effect of these drugs, resulting from the regulation
of the immune response and inhibition of the inflamma-
tory pathways rather than due to a direct blockage of virus
replication.3132

In several studies, treatment with ACEIs or ARBs was
not associated either with a higher incidence of COVID-19
infection, or with more severe forms of infection or worse
outcomes. One study even showed that the group of pa-
tients taking ACEIs/ARBs had a lower risk of mortality
compared to controls, who have been prescribed a differ-
ent anti-hypertensive regimen.%32-37

Table 1 shows the main results of the studies investigat-
ing the link between ACE inhibition and SARS-CoV-2 in-
fection.

The effects of treatment with ACEIs/ARBs in patients
infected with SARS-CoV-2 are not fully understood. How-
ever, the cessation of RAS inhibitors, in the absence of a
clear evidence or established reason, may have deleterious
effects on the underlying cardiovascular disease.’%3 Al-
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though these drugs produce an increase in ACE2 expres-
sion, thus promoting viral entry in host cells, it seems that
patients on this medication have a lower risk for develop-
ing a more severe illness or worse outcomes. The Coun-
cil of Hypertension of the ESC released a statement that
strongly advises physicians and patients to continue treat-
ment with their prescribed anti-hypertensive medication;
there is no scientific evidence to demonstrate that treat-
ment with ACEIs and ARBs should be discontinued in the
presence of SARS-CoV-2 infection.*0 Also the American
Heart Association, the Heart Failure Society of America,
and the American College of Cardiology are advocating
that patients should continue treatment with RAS inhibi-
tors prescribed for hypertension, ischemic heart disease,
and heart failure. Changes in medications should be made
only after careful assessment and based on the latest scien-
tific evidence.!

CONCLUSIONS

Even though the major cardiology associations have re-
leased statements regarding the safety of continuing treat-
ment with ACEIs and ARBs, the role of these drugs in
SARS-CoV-2 infection is still under debate. There is a lack
of solid scientific evidence regarding the discontinuation
of treatments with RAS inhibitors in patients with CO-
VID-19 and cardiovascular diseases. Although additional
data may further shed light on the benefits and disadvan-
tages of treatment with ACEIs and ARBs, physicians need
to consider the undesirable results of discontinuing proven
therapies in response to concerns that currently are not
based on solid data.
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assessed by the responsible review committee (institutional
and national), or if no formal ethics committee is available,
were in accordance with the Helsinki Declaration as revised
in 2013 (www.wma.net/en/30publica tions/10policies/b3/
index.html). If doubt exists whether the research was con-
ducted in accordance with the Helsinki Declaration, the
authors must explain the rationale for their approach and
demonstrate that the institutional review body explicitly
approved the doubtful aspects of the study.

When reporting experiments on animals, authors should
indicate whether institutional and national standards for
the care and use of laboratory animals were followed. Fur-
ther guidance on animal research ethics is available from
the International Association of Veterinary Editors' Con-
sensus Author Guidelines on Animal Ethics and Welfare
(http://veteditors.org/ethicsconsensusguidelines.html).

Protection of research participants

In order to respect the patient's right to privacy, no informa-
tion related to patients' identification data, such as names,
images or hospital identification codes should be included in
the manuscript, unless there is a clear written approval ob-
tained from the patient for this. This signed approval should
be sent to the editorial office along with the manuscript.

Identifying information, including names, initials, or
hospital numbers, should not be published in written de-
scriptions, photographs, or pedigrees unless the informa-
tion is essential for scientific purposes and the patient (or
parent or guardian) gives written informed consent for
publication. Informed consent for this purpose requires
that an identifiable patient be shown the manuscript to be
published. When informed consent has been obtained, it
should be indicated in the published article.

Scientific misconduct

Scientific misconduct includes but is not necessarily lim-
ited to data fabrication; data falsification including decep-
tive manipulation of images; and plagiarism. All manu-
script submitted to JIM will be first subject to a plagiarism
check, that will be performed prior to referring the man-
uscript for review, in order to identity any possible fraud
or scientific misconduct. The journal will use highly spe-
cialized anti-plagiarism softwares and if any suspicion of
scientific misconduct is identified, the standard procedure
recommended by COPE (Committee on Publication Eth-
ics) will be followed.



Clinical trials

Authors of manuscripts related to clinical trials should reg-
ister the clinical trial in the official clinical trial related pub-
lic registries prior to submission to JIM, following the rules
stated by the International Committee of Medical Journal

Editors. Information related to registration of clinical trials
can be found at Clinical Trials.gov. In case of clinical trials,
the trial registration number should be mentioned at the
end of the abstract. Whenever a trial registration number
is available, the authors should list this number the first
time they use the trial acronym.
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conflicts of interest.
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should be able to identify which co-authors are respon-
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authors should have confidence in the integrity of the
contributions of their co-authors. All those designated

as authors should meet all four criteria for authorship,
and all who meet the four criteria should be identified
as authors. Those who do not meet all four criteria
should be acknowledged.

If authors request removal or addition of an author after
manuscript submission or publication, journal editors
should seek an explanation and signed statement of agree-
ment for the requested change from all listed authors and
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The corresponding author is the one individual who takes
primary responsibility for communication with the journal
during the manuscript submission, peer review, and pub-
lication process, and typically ensures that all the journal’s
administrative requirements, such as providing details of au-
thorship, ethics committee approval, clinical trial registra-
tion documentation, and gathering conflict of interest forms
and statements, are properly completed, although these du-
ties may be delegated to one or more coauthors.

Authors should not submit the same manuscript simul-
taneously to more than one journal, in the same or differ-
ent language.
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Original research

Manuscripts should be word processed. The manuscript
must contain the title of the article, the authors' names,
qualifications and address/es.

Peer Review: all articles undergo initial screening for
suitability for the Journal of Interdisciplinary Medicine.

The length of contributions: ideally contributions
should be no more than 4,000 words, including tables and
figures. Suitable papers are then peer reviewed by two or
more referees. Additional specialist advice may be sought
if necessary, for example, from a statistician, before a final
decision is made by the Editor-in-Chief.



An original research article should include a short
Abstract of no more than 300 words, using the follow-
ing headings: Background, Aim of the study, Material and
Methods, Results and Conclusions.

The manuscript should be structured as follows:

1. Introduction/Background: This introduces the aim
of the study and the corresponding research hypothesis/es.

2. Material and methods: This section should describe
all experimental details, research methodology, and study
groups. The methodology should be detailed enough to al-
low reproducibility of the experiments. Give full descrip-
tions of all equipment used (type, manufacturer, town,
country). Details of statistical analysis should be reported
here together with a level of significance [a value]. Authors
should provide details of the statistical software package
used (name, version, producer, town, country). Abbrevia-
tions of standard SI units of measurement should be em-
ployed. Declaration of Helsinki: The authors should state
that their study complied with the Declaration of Helsinki,
that the locally appointed ethics committee approved the
research protocol and that written informed consent was
obtained from the subjects (or their guardians) before the
commencement of the study. Where animals are involved,
the authors should state that their study complies with
their institutional guidelines for the care and use of labora-
tory animals.

3. Results: This section should present the data arising
from the experiments and their statistical significance. Do
not discuss these findings in the Result Section.

4. Discussions: This section should contain a detailed
analysis and interpretation of the results. Results should
not be repeated in the Discussion section.

5. Conclusions: This presents the conclusions deriving
from the outcome of the study and their clinical signifi-
cance if appropriate.

Case reports

Case reports are intended for the presentation of interesting
cases of interdisciplinary medicine encountered in clinical
practice and should refer to actual and uncommon cases.

The report should have an abstract limited to 200 words,
structured in the following manner: Introduction, Case
presentation, and Conclusions.

The manuscript should be no more than a maximum of
2000 words, excluding references, figures, and figure leg-
ends. It should be structured as Introduction, Case presen-
tation, Discussions, and Conclusions.

A case presentation should have a maximum of four au-
thors, twenty references, and five figures.

Case series

Case series should include an abstract limited to 200 words,
structured into Introduction, Case series presentation, and
Conclusions.

The manuscript should be no more than 2000 words ex-
cluding references, tables, figures and figure legends. Case
series should have a maximum of four authors, twenty ref-
erences, and five figures.

Case report / Image focus

This category is intended to facilitate the publishing of
representative images related to any clinical pathology. Ac-
cepted images may be published on the cover of the Jour-
nal. Images should be submitted as a figure accompanied
by a clinical message that contains a description of the case
and a detailed explanation of the figure, using a maximum
of 300 words. For Case report / Image focus, the number of
authors should be limited to four and the number of refer-
ences to 10.

Reviews

The Journal of Interdisciplinary Medicine publishes review
papers in any medical field of interest at an international
level. Review articles should include a non-structured ab-
stract of no more than 200 words with a maximum of 6000
words excluding references, tables, and figures.

Clinical update

The Journal of Interdisciplinary Medicine publishes up-
date articles that describe current advances in any clinical
field related to interdisciplinary medicine. Articles should
include a non-structured abstract of no more than 200
words with a maximum of 4500 words excluding referenc-
es, tables, and figures.

Letter to the editor

Letters to the editor should address either a recently
published article in the Journal of Interdisciplinary Med-
icine, or a new topic in the field of cardiovascular emer-
gencies.

Concerning a letter, discussing a recently published
article, the comments contained in the letter will be for-
warded to the authors of the original paper who will be
invited to respond. Any response will be published in the
same journal issue as the letter to the editor. A letter to the



editor should be no longer than 500 words, 5 references,
and three authors. No abstract is required.

Editorial

Editorials should address either a particular topic that is
currently of interest in the field of interdisciplinary medi-
cine or to an article which is published in the same issue of
the journal. The number of references should not exceed
twenty-five in total.

MANUSCRIPT CONTENT

Style and spelling: Authors, whose first language is not
English, are requested to have their manuscripts checked
carefully, preferably by an English native-speaker, before
submission, to expedite the review process.

Manuscript format: The manuscript must be submitted as
a Word document and should be presented in the follow-
ing order:

o Title page.

o Abstract, or a summary of case reports (references
should not be included in abstracts or summaries).
Main text separated under appropriate headings and
subheadings using the following hierarchy: BOLD
CAPS, bold lower case, Plain text, italics.

Tables should be in Word format and placed in the
main text where the table is first cited. Tables must be
cited in the main text in numerical order.

o Acknowledgements, Competing Interests, Funding,
and all other required statements.

Reference list.

Images must be uploaded as separate files (view
further details under the Figures/illustrations sec-
tion). All images must be cited within the main text
in numerical order, and legends should be provided
at the end of the manuscript. Appendices should be
uploaded using the File Designation “Supplementary
File” and cited in the main text.

The contents of your manuscript should be arranged in the
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1. Title page - should include: (1) the title of the arti-
cle; (2) the name(s) of authors; (3) the institutional
affiliations of the authors; (4) the position, institu-
tion, and location of all authors; (5) the telephone
number, fax number and e-mail address of the cor-
responding author; (6) disclosure of grants, contracts

and any other form of financial support received for
the study.

2. Abstract — an abstract prepared in accordance to the
type of the manuscript.

3. Keywords - between 3 and 6 keywords.

4. Full text — All manuscripts should be typed double-
spaced, in Times New Roman 12 fonts, using Word
format. References, tables and figures should be ci-
ted in numerical order, as they appear in the text. The
abbreviations should be explained the first time they
appear in the text, followed by the abbreviation in
brackets.

5. Acknowledgements — should indicate clearly any
source of funding received for the study, including
grants, research contracts or any form of financial
support.

6. References. References should be cited in numerical
order, as they appear in the text, and should be indi-
cated in superscript following the end of the sentence
or the end of the part of the phrase they refer to.

7. Tables should be typed on separate pages at the end
of the manuscript and should be numbered in Ara-
bic numerals in the order of mention in the text. The
abbreviations used in the table should be explained in
a footnote below the table. Tables should not repeat
the text and should be clear enough to be self-expla-
natory.

8. Figures should be prepared in TIF or JPG format, at
a resolution of minimum 300 dpi. For figures repro-
duced or adapted from another source, this should
be labeled as "Reproduced with permission from..."
or "Adapted with permission from..." and should be
accompanied by written permission from both the
author and publisher of the original material. Figures
should be combined with a legend which clearly de-
scribes the illustration.
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The journal will publish the reference list according to the
style of Index Medicus (or spelled out if not listed in Index
Medicus). List all the authors in each reference following
the format and punctuation indicated below as examples:
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