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Abstract 

Emergency departments are costly to maintain. They remain open every hour of the year to provide care for those 
who need it, when they need it. Therefore, emergency departments are a crucial resource for any modern society, 
and no sensible person would want to close them, despite their cost. However, the view held by many, that the care 
provided in an emergency department is excessively costly, is just plain wrong. When our doctors’ and our special-
ty’s performance is viewed objectively, it becomes clear that emergency physicians have become crucial agents of 
cost savings. Therefore, EPs have earned the right to proudly “re-brand” themselves not as high-cost care providers, 
but as indispensable, money-savers in any nation’s health care enterprise. If you don’t believe that, continue reading 
this commentary.
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Roles and availability of Emergency  
Departments

As “background information,” those who allege that 
emergency care is too costly and should in most cases be pro-
vided in outpatient clinics overlook at least four critical facts:

First, much of the emergency care we provide could not 
be provided in an outpatient clinic or a doctor’s office. Could 
you imagine treating a  polytrauma patient, a  cerebrovas-
cular accident (“stroke”) patient or acute S-T elevation my-
ocardial infarction (STEMI) patient in an outpatient clinic?  
Of course not! 

Second, most urgent and emergent medical problems 
don’t happen just on weekdays, while the sun is in the sky. 
Patients often need to be able to access medical care when 
doctors’ offices are closed. If an outpatient clinic remains 
open from 09:00 until 17:00 on weekdays, even if these cli-
nicians in that facility are able to accommodate a  few “ur-
gent” appointment requests, they are available for only  
40 hours, or 23.8%, of a 168-hour week.

Third, we have implemented research findings to safely 
decrease costs of care via processes which did not exist when 
I  entered emergency medicine (EM) residency training in 
1986. This implementation of research findings saves consid-
erable sums of money.

Fourth, the public’s need for inpatient care ebbs and 
flows, and when a  hospital is operating “above capacity”, 
the emergency department is typically where that care is 
provided. Provision of inpatient-level care in an emergen-
cy department is less expensive than would be the case if 
a hospital spent money to add sufficient bed capacity to en-
able that happy day when ED boarding of patients never had  
to occur.

Points number 1 and 2, and especially point 4, should all 
be obvious, yet are sometimes not overtly acknowledged. 
They will not be further discussed, except for asking you, the 
readers, to imagine the cost to a hospital system, if it expand-
ed its inpatient capacity sufficiently such that ED boarding of 
to-be-admitted patients was rarely required! 

We leverage research findings to save 
money

Regarding the third point, the leveraging of research find-
ings, an important development that can easily be taken for 
granted, here are some illustrative examples demonstrating 
how EPs save health care systems money every day, when 
1986 is compared to 2023:

•	 In 1986, all patients with acute pyelonephritis were 
admitted for several days of inpatient intravenous (IV) antibi-
otic therapy. Now, many of these patients receive one dose of 
an IV antibiotic, plus analgesia and an antiemetic, in the ED. 

Once they demonstrate that their nausea and vomiting is 
controlled, most of these patients are then prescribed oral 
antibiotics, analgesics and antiemetics, and discharged. Acute 
pyelonephritis has become a disease for which emergency 
physicians can contribute cost savings, because less expensive 
outpatient management is often feasible and appropriate [1].

•	 In 1986, most patients with pelvic inflammatory 
disease (PID) were admitted for several days of IV antibiotics, 
under the now-disproven dogma that IV antibiotics decreased 
the scarring of the Fallopian tubes and enhanced the patient’s 
future fertility. Now, many patients with PID are treated and 
released after ED administration of appropriate antibiotics to 
eradicate possible infection by Neisseria gonorrhea and Chla-
mydia trachomatis, often with added treatment for anaerobic 
microbes, and an oral antibiotic upon home-going. Female 
upper genital tract disease has been transformed to another 
disease for which emergency physicians can contribute cost 
savings, because less expensive outpatient management is 
often feasible and appropriate [2].

•	 In 1986 all patients diagnosed with the venous 
thromboembolic (VTE) diseases of deep venous thrombosis 
(DVT) or acute pulmonary embolism (PE) were admitted for 
several days of inpatient care to enable therapy with intrave-
nous heparin as a bridge to oral warfarin. Warfarin pills are 
inexpensive, but the associated care is not. Warfarin is a drug 
highly prone to drug-drug and drug-food interactions [3].  
Further, warfarin dosing requires regular monitoring of the 
International Normalized Ratio (INR), both a cost and an in-
convenience to patients. Fortunately, we first learned we 
could safely treat most patients with DVT as outpatients by 
prescribing direct oral anticoagulants (DOACs) such as Factor 
Xa Inhibitors. Subsequently, we also learned that patients 
with PE without hypoxia or evidence of right heart failure can 
safely be discharged home with DOAC prescriptions. DVT and 
PE have been transformed to diseases for which emergency 
physicians can contribute cost savings, because they usually 
can implement feasible and appropriate outpatient manage-
ment [4].

•	 In 1986, chest pain patients without an S-T Eleva-
tion Acute Myocardial Infarction (STEMI), whose pain was 
suspected to be cardiac in nature, became inpatients for se-
quential monitoring of their Lactate Dehydrogenase (LDH) 
and Creatine Kinase (CK) isozyme profiles. This process re-
quired at least a full day and an overnight inpatient stay. Now, 
for selected patients, EPs can leverage low and non-rising high 
sensitivity troponin values and a low “HEART score” to safely 
implement outpatient follow-up plans, within hours, sparing 
an inpatient admission. Chest pain has been transformed to 
a chief complaint for which emergency physicians can con-
tribute cost savings, because outpatient management can be 
feasible and appropriate [5].
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FFY 2021 – Federal fiscal year (October 1, 2020-September 30, 2021), MCOs – managed 
care organizations. “Other managed care” includes prepaid health plans (PHP), primary 
care case management (PCCM), programs of all-inclusive care for the elderly (PACE) and 
premiums and coinsurance paid toward employer group insurance plans and premiums 
paid for other insurance or remedial care. Managed care prescription drug spending is inc-
luded in “Payments to Comprehensive MCOs ”. “Fee-for-Service Acute Care ” includes inpa-
tient hospital services, physician, lab and x-ray services, prescription drugs and other servi-
ces. “Fee-for-Service Institutional Long-Term Care” includes spending on nursing facilities, 
intermediate care facilities for individuals with intellectual disabilities and mental health 
facilities. Data shown above exclude administrative spending, adjustments and payments 
to the territories. Source: The Urban Institute based on FY 2019 data from the CMS-64, 
prepared for the Kaiser Program on Medicaid and the Uninsured [14].

•	 In 1986, a complete workup of many other diseas-
es also required several days of inpatient care. Thanks to im-
proved systems of care and better implementation of medical 
evidence, patients who used to be admitted for their multi- 
-day “workup” can occasionally be “treated and released”. For 
example, a hospital at which I had worked in the past had a 
dedicated fast track pathway for patients diagnosed with tran-
sient ischemic attacks (TIA). Most of our patients with TIA who 
did not need an urgent vascular procedure to protect them 
against a near-term stroke were treated and released from 
the ED observation area within 12 hours of their arrival. This 
expedites hospital throughput and saves significant sums of 
money.

•	 A further benefit of all of these examples is that 
patients with these diseases can be returned to work much 
more quickly than in past years, enhancing overall workforce 
productivity in a nation’s economy.

Further improvements are possible

We could do even better at implementing cost savings, 
if only our patients would permit it. We already know how 
to apply validated and highly reliable clinical decision rules 
(CDRs) such as the Ottawa Ankle Rules, the Ottawa Knee 
Rules, the NEXUS and Canadian C Spine Rules, and the PE-
CARN (for children) and Canadian Head CT (for adults) Rules 
[6-11]. All perform with high accuracy and validity. However, 
we know that patients often expect radiographs that these 
CDRs would establish as contraindicated.

Our collective experience is that there is  
a significantly long time required to explain 
these CDRs to patients, so it becomes more cost-
and time-effective to simply obtain the non- 
-indicated imaging. Consider this idea for the fu-
ture: create educational modules that present 
advocacy to patients to allow doctors to imple-
ment these CDRs. This education could be effi-
ciently accomplished if patients were enabled 
to view effective bedside “plug and play” teach-
ing tools, explaining those CDRs. Such resources 
could dissuade patients of their false beliefs and 
persuade them to agree that omission of the 
contraindicated radiographs, tests which they 
believed they needed upon their ED arrival, rep-
resents appropriate care. This would both save 
money and shorten the patient’s ED stay. Added 
benefit would accrue when a pediatric patient 
avoids a head CT by decreasing their risk for  
a subsequent cancer [12].

To enable this vision and further enhance 
our role toward cost savings will require emer-
gency medicine researchers to complement 

validated CDRs with the creation, testing and validation of 
accurate and persuasive patient education tools, sufficient to 
dissuade most patients of their dogmatic and erroneous be-
liefs regarding radiographs. EPs have abolished incorrect dog-
mas before. For instance, consider the well-deserved death 
at the hands of academic EPs of the previous dogmatic belief 
that no abdominal pain patient can be administered an opiate 
until they have been examined by a surgeon [13]. Hopefully, 
patients’ dogmatic beliefs regarding radiographs can also be-
come consigned to the dustbin of history.

Certain myths need to die

In re-branding ourselves, we should also work to abolish 
other dogmatic myths that plague us, by refuting certain mis-
leading beliefs that cause the public to wrongly conclude that 
ED care is a larger source of health care expenditures than is 
the case.

Consider the myth of Medicaid expenditures in the Unit-
ed States. Medicaid, contrary to popular belief, is not health 
insurance. It is a government welfare program. It provides a 
payment mechanism for low-income individuals to obtain 
health care, while shielding them from the costs and charges 
for that care. When I ask my friends and neighbors what per-
centage of a state’s Medicaid budget is spent for emergency 
department care of persons living in poverty, most of them 
estimate that number to be about 50%. In truth, 52% of Med-
icaid spending goes for managed care organizations (MCOs) 
and health plans, 20% pays for fee-for-service acute care and 

Figure Total national Medicaid spending in the United States [14]

Disproportionate Share Hospital (2%)

Payments to Medicare (3%)

Fee-for-Service Institutional Long  

Term Care (7%)

Fee-for-Service Home Health and 

Personal Care (12%)

Fee-for-Service Acute Care (20%)

Other Managed Care (4%)

Payments to Comprehensive MCOs (52%)

FFY 2021 Total Medicaid Spending: $728 Billion



In the United States, patients who ideally would be re-
ceiving their medical care in an inpatient department often 
receive much of that care in an emergency department, when 
surges in patient demand occur. By pitching in and providing 
inpatient-type care to “boarders” in the emergency depart-
ment, we help the hospital system avoid the considerable 
expense of expanding their inpatient capacity in such a man-
ner that the hospital’s “percent occupancy” would fall, while 
enabling them to better accommodate occasional surges in 
demand for inpatient medical care. 

The ”take-home message”

In summary, rather than repeatedly serving as the “whip-
ping boy” in the “court of public opinion” for our provision of 
what is incorrectly perceived to be high-cost medical care, EPs 
should proudly call attention to the numerous ways by which 
EPs and EDs in which they work help save their nations and 
patients significant sums of money. 

Hopefully, you are now convinced that as EPs, we deserve 
to be valued not only for being available 24 x 7 x 365, but also 
for the numerous cost savings that our training permits us  
to enable. 

Brian Zink captured a wonderful initial “vision statement” 
for EM with the title of his book documenting the history 

of our specialty, “Anyone, Anything, Anytime”. That book 
was first published in 2006. However, in 2023, it is time to 
move beyond that title. We need a new “vision statement” 
to “re-brand” EM in a manner that captures how EPs help 
not only save lives, but also save significant sums of money,  
24 x 7 x 365. 

I offer for consideration: “Emergency Medicine: Saving not 
only lives, money, by delivering life-saving, life-enhancing evi-
dence-based medical care quickly, efficiently and effectively”. 

Emergency physicians should deservedly take pride in the 
numerous ways that they help save their nations’ money, via 
application of their tools and their training, as they accurately 
and expeditiously work up patients and implement therapy 
plans that were unthinkable when I entered my emergency 
medicine residency in 1986. As the citizens of your nation 
learn of this story, perhaps a few words of their words of 
praise could usefully offset the “burnout” that plagues many 
physicians of our specialty.

Now that you know the story that justifies the claim that 
emergency medicine should be “re-branded” as a cost-saving 
specialty, it is up to all of us to adopt and spread this message.
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Abstract 

Background: This proof of principle study aims to investigate the applicability of finite element analysis (FEA) in 
Oral and Maxillofacial (OMF) surgery, by studying the effect of mandibular body height and osteosynthesis positio-
ning on unilateral mandibular body fractures based on Champy’s technique. Material and methods: Mandibles 
made of polyurethane foam (Synbone®), with heights of 18, 14, and 10 mm were used to create a FEA model with 
a unilateral straight-line fracture, fixated with a standard commercially available 6-hole 2 mm titanium miniplate. 
Two different FEA programs were used for the comparison, namely: Solidworks and Comsol Multiphysics. The FEA 
outcomes were compared with a series of mechanical tests with polymeric models fixed in a customised device 
and loaded onto a mechanical test bench. Results: First, the study illustrated that the optimal plate position 
appeared to be the upper border. Second, lower mandibular height increases instability and requires a stronger 
osteosynthesis system. Conclusions: FEA’s and polymeric model testing outcomes of unilateral non-comminuted 
fractures were highly comparable with current opinions of mandibular fracture management. The promising out-
come of this study makes it worthwhile to do more extensive analysis in order to determine whether FEA alone 
is sufficient for optimisation of fracture management.

Keywords: mandibular body fracture  ·  finite element analysis (FEA)  ·  polymeric model testing  ·  mandibular 
body height  ·  miniplate positioning  
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   Introduction

Osteosynthesis plates and screws are routine-
ly used in oral and maxillofacial (OMF) surgery [1-5]. 
In OMF surgery, mandibular fracture management 
is based on two completely different principles:  
(1) the osteosynthesis plate must provide enough ri-
gidity to avoid fragment displacement during func-
tional movement achieved through rigid fixation by 
placing solid plates at the lower border (load-bearing 
principle), and (2) the Champy technique suggest-
ing the use of semi-rigid fixation with miniplates in 
which the tensile forces are neutralized by placing 
the plates in the so-called ideal line of osteosynthe-
sis, resulting in interfragmentary stability between 
the bone segments (load-sharing principle) [6-8]. 
   The applied (mastication) forces on the mandible 
cause different tension and compression zones [9]. 
The mandibular body’s upper border is a tension zone, 
whereas the lower border is a compression zone [8-9]. 
According to current clinical understanding and lit-
erature, a decrease in mandibular body height in an 
atrophic mandible results in a narrow range between 
the tension and compression zones [10-13]. In a se-
verely atrophic mandible, the tension and compres-
sion zones more or less overlap each other and the 
load-sharing principle is not valid anymore [6-8, 14-15].  
   Following Champy’s theory, many studies started 
using expensive and time-consuming cadaveric or 
polymeric bone models [16-19]. It could be benefi-
cial to use three-dimensional (3D) modelling and fi-
nite element analysis (FEA) instead of model testing. 
FEA is a non-invasive computational method to eval-
uate the stress distribution and displacement within 
a structure on load application [20-21]. It is a reliable 
and accurate numerical simulation tool for studying 
force distribution in the OMF area [21-22]. FEA ena-
bles the studying of mandibular fracture fixation, possi-
bly leading to solutions regarding plate positioning and 
predicting the consequences of mandibular height de-
crease [23-26]. So far, the use of FEA to address clinical 
issues has been limited. In OMF surgery, not every 
issue regarding the best possible osteosynthesis has 
been resolved, e.g. complex comminuted fractures 
or extremely atrophic mandibles [14-15]. As these 
cases are less common than non-complex fractures, 
any subsequent clinical studies are very time-con-
suming or impossible without the required inclusions 
[15, 27]. Therefore, there is a need for a validated 
three-dimensional (3D) computer modelling and FEA 
simulation method to analyse these fractures and to 
plan the best osteosynthesis system for each clinical 

scenario, possibly by introducing new implants (e.g. 
degradable or patient-specific 3D printed plates) [23]. 
   Hence, the purpose of our study was to compare 
mandibular model testing with FEA as a first step 
towards developing a validated 3D computer model 
for optimising mandibular fracture management. As 
proof of principle, we studied the effect of plate po-
sitioning and the effect of reduced mandibular body 
height in mandibular body fracture management 
based on the FEA simulations. In this initial study, 
the model was simplified by using mandibles with 
a unilateral straight-line body fracture only. Our first 
hypothesis was that the clinical observations of plate 
positioning and its effect on fracture stability, according 
to the load-bearing versus load-sharing principles, are 
reproducible in the 3D computer model. The second hy-
pothesis was that the 3D computer model will confirm 
the theory that a reduction in atrophic mandible height 
leads to a decrease in interfragmentary stability making 
load-bearing fixation necessary. Finally, we hypothe-
sized that FEA is a suitable tool to facilitate the visualis-
ation of fixation stability which may subsequently help 
the surgeon in selecting an appropriate osteosynthesis 
system and in positioning the plate correctly. 

   Material and methods

Study design

We used FEA to analyse the effect of plate posi-
tioning for different mandibular body heights with 
a unilateral mandibular body fracture. The FEA sim-
ulations were conducted primarily in the computer 
simulation software Solidworks version SP5.0, 2020, 
3D Modelling and Simulation, Waltham, Massachu-
setts, USA). The eligibility, reproducibility and accu-
racy of the outcomes generated in Solidworks were 
compared with those from a second simulation soft-
ware Comsol Multiphysics (version 5.5, 3D Modelling 
and Simulation, Stockholm, Sweden). Further valida-
tion was done by comparing the results with a series of 
polymeric models fixated in a customized device on a 
mechanical test bench (DYNA-MESS Prüfsysteme, Stol-
berg, Germany). All the mandibles were fixated with 
the same type of osteosynthesis system (2.0 mm tita-
nium miniplates, KLS Martin Group, Tuttlingen, Germa-
ny) and identical simulations were conducted for each 
study.
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Assembly modelling

Synbone (Zizers, Switzerland) mandibles with 
body heights of 18, 14, and 10 mm (representing 
the slightly, moderately and severely atrophic man-
dibles, respectively) were used to create the 3D com-
puter models of the mandible. Cone beam comput-
ed tomography (CBCT) (Planmeca, Promax 3D Max 
ProFace, Helsinki, Finland) was conducted on each 
Synbone mandible and digital imaging and commu-
nication in medicine (DICOM) files were generated. 
The CBCT scans were made at the bone setting with 
a voxel size of 400 µm, tube current of 2.5 mA, and 
tube voltage of 120 kV. DICOM files were used for 
the 3D modelling of the mandibles. The 3D com-
puter modelling dimension measurements were 
performed using the Mimics software (version 25.0, 
Materialise, Leuven, Belgium). The 3D mandible 

models were then created in Solidworks after which 
they were geometrically simplified to eliminate mesh 
errors and simplify the simulation computations (Fig-
ure 1). In the study, the same type of straight-line 
unilateral mandibular body fracture was applied to 
each model. The distance between the fracture sur-
faces was set at 0.1 mm. The fracture type, size, and 
placement were identical in all the 3D models. The 
fracture was placed in the middle of the mandibular 
body, in between the first molar and second premo-
lar. A standard commercially available 6-hole 2 mm 
osteosynthesis titanium miniplate (KLS Martin Group, 
Tuttlingen, Germany) with a length of 36.3 mm and  
6 x 2 mm diameter screws with a length of 18.4 mm 
were modelled in Solidworks. The 6-hole miniplate 
was used for all the FEA computer simulation analy-
ses (Figure 2).

Figure 1. 3D computer modelling of the mandible: (A) Synbone® mandible, (B) DICOM file from CBCT, and (C)  a simplified 3D model 
of a mandible

Figure 2. Plate positioning at the (A) 18 mm, (B) 14 mm, and (C) 10 mm mandibular body heights: (1) miniplate positioned at the upper 
border, (2) in the middle, and (3) at the lower border of the mandible
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FEA Solidworks

FEA was primarily performed in the Solidworks soft-
ware. The analysis started with positioning the oste-
osynthesis miniplate at the mandible’s upper border 
and subsequently lowering it towards the lower border 
along the fracture line. This was done to determine 
the effect of plate positioning at different mandibular 
body heights (Figure 2). Plate positions 1 to 3 repre-
sent the miniplate at the upper border, in the middle, 
and at the lower border of the mandible, respectively.  
    The average mastication force (200 N) was app- 
lied downward on the symphysis of the mandible 
(Figure 3A) [28-29]. The mandibles were fixed at the 
condylar head to replicate the temporomandibular 
joint by applying the fixed geometry option from the 
Solidworks fixture property manager tab (Figure 3B). 
Furthermore, the effect of fixation site was evaluat-
ed by conducting a series of sensitivity tests for dif-
ferent fixation locations (Supplementary Figure S1). 
     The chosen mandible material properties were simi- 
lar to those of the Synbone® polyurethane foam man-
dible to allow for a comparison with polymeric model 

testing. The mandible material properties were set at an 
elastic modulus of 2410 MPa, shear modulus of 862.2 
MPa, mass density of 1.26 g/cm3, tensile strength of  
40 MPa, and a Poisson’s ratio of 0.39 [30-32]. The prop-
erties of the titanium miniplates and screws were as 
follows: an elastic modulus of 104800 MPa, mass den-
sity of 4.43 g/cm3, tensile strength of 1100 MPa, yield 
strength of 827.4 MPa, and a Poisson’s ratio of 0.31 [1]. 
Using the Solidworks contact-sets property manager tab 
we defined the boundary conditions between the man-
dibles, miniplates, and screws (Figure 3C). The connec-
tion between the two fracture surfaces was defined by 
using the contact-sets with a fixed distance of 0.1 mm 
between the fracture surfaces (Figure 3D), representing 
optimal fracture reduction. When the fracture surfac-
es touch, only the forces normal to the surfaces would 
be exchanged and there was no friction force present. 
The mandible screw holes and the screws were set as 
bounded, meaning that the screws were fixed tightly 
in the mandible, pressing the plate against the man-
dibular body. The connection between the miniplate 
and the screws, as well as the connection between the 
miniplate and the mandible, were set using the contact 

Figure 3. FEA set up in Solidworks: (A) Mastication force of 200 N is applied downward on the symphysis, (B) Fixation at the condylar 
head, (C) Contact boundary condition between the mandible and osteosynthesis system, (D) Contact-set boundaries between the fractu-
re surfaces with a fracture distance of 0.1 mm and no penetration, and (E) Impression of the used mesh.
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Supplementary Figure S1. FEA Von-Mises stress [MPa] for different fixation location: (A-B) 18 mm height mandible, (C-D) 14 mm height 
mandible, and (E-F) 10 mm height mandible; note: plate positioned at the upper border (right) and plate positioned at the lower border 
of the mandible (left)
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Supplementary Figure S2. Mesh convergence plots: (A) 18 mm height mandible, (B) 12 mm height mandible, and (C) 10 mm height 
mandible
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option from the contact-sets property manager. Only 
normal forces and no friction were present here, which 
is in accordance with the current opinion on stabilis-
ing mandibular fractures using non-locking plates. The 
boundary conditions and parameters were identical in 
all of the FEA studies.

FEA Comsol 

Comsol was used to verify the Solidworks results 
and to evaluate whether the outcomes were reproduc-
ible, reliable, and accurate. The 3D computer model 
assemblies of each mandible and the osteosynthesis 
miniplate were imported from Solidworks in STEP file 
format. The imported assemblies were processed and 
saved in the Comsol 3D environment. All the FEA inputs 
were performed identically as in Solidworks. A force 
of 200 N was applied downwards on the symphysis 
of the mandible and fixation was set at the condylar 
head. The connections between the miniplate and the 
screws, as well as between the miniplate and the man-
dible, were set using the contact constraint option. The 
connection between the mandible and the screws was 
set as fixed using the continuity constraint option. The 
applied mesh was similar to the one in Solidworks. 

FEA mesh convergence 

The chosen mesh dimensions were checked in the 
simulation models to determine whether they were 
correct. The mesh size was reduced until the results 
were independent of the mesh size and mesh conver-
gence was reached (Supplementary Figure S2). The 
converged mesh was used for the remaining FEA stud-
ies (Figure 3E). The mesh applied in Solidworks was sim-
ilar to the mesh in Comsol.

Polymeric model testing

A polymeric mandible is made of polyurethane 
foam and is an adequate substitute for cadaveric hu-
man bone for testing purposes [30-32]. It has been 
shown to be a successful simulator for a similar sized 
and shaped human bone [30, 33‑34]. Polymeric mod-
el testing was conducted on a mechanical test bench 
to validate the FEA. Polymeric mandible replicas with 
body heights of 18, 14, and 10 mm were obtained from 
Synbone. A straight-line unilateral fracture was applied 
to each mandibular body and fixated with the osteo-
synthesis miniplate system. Polymeric model testing 
of 18 and 14 mm mandibular heights entailed using  
a 4-hole miniplate with four screws. A 6-hole miniplate 

Figure 4. Mandible (with straight-line fracture and miniplate fixation) positioned on the custom-made device and loaded in a mechanical 
test bench; the starting point is (A) until it reaches the breaking point (D)
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Figure 5. FEA Von-Mises stress [MPa]: (A-B) 18 mm height mandible, (C-D) 14 mm height mandible, and (E-F) 10 mm height mandible; 
note: plate positioned at the upper border (right) and plate positioned at the lower border of the mandible (left)

with six screws was used for the 10 mm mandibu-
lar height. Only the osteosynthesis miniplates po-
sitioned at the upper border of the mandible were 

tested. Each of the three polymeric mandible replicas  
(the 18, 14 and 10 mm heights) was tested three times. 
A custom device was built to position the mandibles on 
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Figure 6. Comparison of Von-Mises stress between Solidworks (right) and Comsol (left) at 450 MPa for the 18 mm mandible height: (A-B) 
plate positioned at the upper border, (C-D) in the middle, and (E-F) at the lower border of the mandible

the mechanical test bench (Figure 4). A load represent-
ing the mastication force was applied to the mandible 
and gradually increased at a rate of 10 N/s (Figure 4A). 
The values were set in the computer system of the me-
chanical test bench. The force on the mandible was in-
creased continuously until the failure point where the 
mandible breaks down was reached (Figure 4D). Com-
puterised sensors on the mechanical test bench record-
ed the data. All three mandible heights were tested us-
ing the same technique.

Data analysis

The FEA Solidworks outcomes were compared with 
the Comsol outcomes. This was done by first meas-

uring the amount and the location of the maximum 
Von-Mises stress (Figure 7A-B). Then the displacement 
in the Z-axis was compared (Figure 7C-D). Finally, the 
Von-Mises stress pattern at a selected stress point was 
compared between the two FEA studies (Figure 6). The 
FEA outcomes were also compared with the polymeric 
model testing by observing the displacement patterns 
of the miniplates positioned at the upper borders of the 
mandibles with the different fracture heights (Figure 8). 
The displacement in the Z-axis of the FEA was used for 
the comparisons with the displacement in the polymer-
ic model testing. Finally, data were evaluated with help 
of experts in statistics, however due to the small sample 
size statistical analysis did not make sense in this study.
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Figure 7. (A-B) FEA Von-Mises stress plots: (A) Solidworks and (B) Comsol; (C-D) FEA displacement plots: (C) Solidworks and (D) Comsol

Figure 8. Displacement comparison between polymeric 
model testing and FEA at 200 N; the displacements are in 
the z-axis; the same direction as the applied mastication 
force.
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   Results

FEA Solidworks

The results of the FEA are presented in Table 1, 
showing the maximum Von-Mises stress [MPa] 
and displacement [mm] outcomes. The maximum 
Von-Mises stress was located at the miniplates cur-
vature between the third and the fourth screw holes, 
specifically at the edge of the plate where it was  
touching the mandibular body at the unilateral frac-
ture site (Figure 5A-F). The table shows that stress and 
displacement increased with a decrease in mandi- 
bular body height. The same applies to when the 
miniplate was lowered from the mandibular upper 
border towards the lower border along the fracture 
line. The ratio of the Von-Mises stress and the ratio 
of the displacement in relation to plate positioning 
(miniplate at the lower border versus the upper border) 
and mandibular body height (10 mm versus 18 mm)  

are presented in Table 2. Observing the fracture sur-
faces shows that when the miniplate was positioned 
at the upper border, the fractures remained closed, 
intact, and stable. This was due to the tension zone at 
the upper border of the mandible and the compres-
sion zone at the lower border. However, when the 
miniplate was lowered, particularly when positioned 
at the lower border, the fracture surfaces tended 
to open from the upper border in a wedge-shaped 
form. In this situation the fixation was unstable (Fig-
ure 5). 

FEA Comsol 

Comsol was used to check the reproducibility and 
accuracy of the Solidworks simulations. The Von-Mises 
stress [MPa] and displacement [mm] are shown in Ta-
ble 1. The maximum stress location according to Com-
sol was identical to all the Solidworks FEA outcomes, 
namely at the edge of the plate where it was touching 

Table 1. FEA outcomes in Solidworks and Comsol regarding the maximum Von-Mises stress and displacement

Mandible 
height 
[mm]

Plate 
position

Solidworks Comsol

Von-Mises 
stress [MPa]

Displacement 
z-axis [mm]

Von-Mises 
stress [MPa]

Displacement 
z-axis [mm]

18 1 643 4.30 646 4.31

2 919 4.69 911 4.73

3 1198 5.35 1120 5.47

14 1 894 5.12 880 5.16

2 1273 5.69 1253 5.78

3 1599 6.46 1560 6.64

10 1 1516 8.76 1521 8.85

2 2065 9.65 2072 9.76

3 2536 10.53 2560 10.70

Plate position: (1) upper border, (2) middle, and (3) lower border of the mandible. The z-axis was in the same direction as the applied 
200 [N] force  

Table 2. Ratio of the Von-Mises stress [MPa] and displacement [mm] (Z-axis) for plate positioning and mandibular body height

Ratio
Solidworks Comsol

Von-Mises stress Displacement Von-Mises stress Displacement

Plate positioning *

18 1.86 1.24 1.73 1.27

14 1.79 1.26 1.77 1.29

10 1.67 1.20 1.68 1.21

Mandibular body 
height **

1 2.36 2.04 2.35 2.05

2 2.25 2.06 2.27 2.06

3 2.12 1.97 2.29 1.96

* Ratio of the miniplate positioned at the lower border compared to the upper border for the 18, 14 and 10 mm mandibular body heights 
** Ratio between the 10 mm versus the 18 mm mandibular body heights for the plates positioned at the upper (1), in the middle (2) and 
the lower borders (3)
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the mandibular body at the unilateral fracture site (Fig-
ure 5). The Von-Mises stress pattern comparison illus-
trates that the stress pattern remained identical in both 
FEA simulations at any selected stress point (Figure 6). 
This demonstrates that the Solidworks FEA outcomes 
are reproducible, accurate and correct. Furthermore, 
the Von-Mises stress ratio and the displacement ratio 
for the plate positioning and mandibular body height 
were similar to those generated in Solidworks (Table 2). 

Fixation location sensitivity test

Sensitivity test evaluations of the different fixation 
locations illustrated a change of less than 10% for the 
maximum stress and displacement values. However, no 
changes were observed in the stress or displacement 
distribution patterns, as they remained identical. Fur-
thermore, the FEA outcomes for analysing the effect of 
different mandibular body heights and plate positioning 
remained identical with no changes observed for the 
different fixation locations (Supplementary Figure S2). 

Polymeric model testing

The displacement outcomes of the polymeric model 
testing are displayed in Table 3, showing that a decrease 
in mandibular body height resulted in an increased dis-
placement. This indicates that the probability of failure 
increases when the mandibular body height decreases. 
Furthermore, the polymeric testing patterns were sim-
ilar to the FEA, namely: a decrease in mandibular body 
height increased the fixation instability leading to im-
plant failure.

Outcomes comparison 

The FEA plots show that the Von-Mises stress (Fig-
ure 7A-B) and displacement (Figure 7C-D) increased 
with a decrease in mandibular body height. The 
same applies when the miniplate was lowered from 
the mandibular upper border towards the lower bor-
der along the fracture line (Figure 7). The maximum 
Von-Mises stress location at any selected stress point 
was similar in both simulation software (Figure 6). 
Furthermore, Figure 8 shows the 200 N displace-
ment comparisons between the FEA and polymeric 
model testing, where displacement increased with 
a decrease in mandibular body height. Both the FEA 
simulations and polymeric model testing illustrated 
a similar pattern: a decrease in height resulted in an 
increase in displacement (Figure 8). Finally, the FEA 

outcomes were similar and highly comparable with 
those from the polymeric model testing. 

   Discussion 

According to the literature, FEA has been a prom-
ising applicable tool in OMF surgery to analyse differ-
ent types of fracture management and osteosynthesis 
implants [20-24, 35]. The outcomes of our study are 
consistent with some of the data that can be found in 
the literature. According to Tams et al. plate position-
ing is a crucial factor for mandibular fracture fixation 
stability [9]. Lowering the plate along the fracture line 
from the mandibular upper border toward the lower 
border decreases the fracture fixation stability. There-
fore, locating the plate on the upper border results 
in better stability, even with small plates. Based on 
Champy et al., upper border plate placement is based 
on the fact that mastication creates a tensile force 
in the upper border and a compression force at the 
lower border resulting in the closure of the fracture 
(Figure 5) [8]. This study’s FEA simulation results are 
similar, whereby the Von-Mises stress and displace-
ment increase when the plate is moved along the 
fracture line from the upper border towards the low-
er border of the mandibular body (Table 1, Figure 7).  
    According to Ellis et al. and Gerbino et al., the man-
dibular body height significantly affects fracture fixa-
tion stability [36-37]. A decrease in mandibular height 
increases fracture fixation instability [38]. It is more 
difficult to achieve fixation stability with a miniplate 
in the atrophic mandible than in cases with a normal 
mandibular height. In terms of stability, it means that  
a miniplate that does well in slightly or moderately 
atrophied mandibles (18 or 14 mm height) and per-
forms poorly in severely atrophic mandibles (10 mm) 
(Table 2). The literature suggests several solutions for 
instability in the management of mandibular frac-
tures with decreased height: e.g. thicker plates and/
or more screws at each side of the fracture [36-38].  
     We used the polymeric model testing method to ve- 
rify the FEA simulation outcomes. They both showed 
that displacement increases when the mandibular bo- 
dy height decreases (Table 3, Figure 8). This is in line with 
the literature [5, 8, 37] and the current clinical observa-
tion. This suggests that both FEA studies are good mod-
els for analysing mandibular fractures. Furthermore, 
the polymeric model testing outcomes indicate that 
using a 6-hole miniplate is not sufficient for lower man-
dibular height fracture management. It is plausible that 
a 4-hole miniplate would have performed even worse in 
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this case. Therefore, 10 mm or lower mandibular height 
fracture fixation requires a stronger osteosynthesis sys-
tem. In this case, the load-sharing principle is not valid 
and the load-bearing principle should be applied [6-7].  
    There are some limitations regarding the poly-
meric model testing. Namely, only displacement 
outcomes in the Z-axis (the same direction as the 
applied force) could be compared between the pol-
ymeric tests and the FEA studies. This is because 
the mechanical test bench used in this study could 
only calculate the displacement as the output re-
sult. Furthermore, the displacement values be-
tween the FEA studies compared to polymeric mod-
el testing were not exactly similar (Table 3) due to:  
(1) the shape of mandibles (the geometrical 
shapes of the polymeric models were similar to 
human mandibles, whereas the FEA mandibles 
were simplified models to eliminate mesh errors,  
(2) FEA uses numerical simulation to calculate 
the amount of displacement. However, on the 
mechanical test bench, displacement was meas-
ured based on the movement of the loading bar 
from the predetermined zero position to the end 
position where the mandible fractured or fixa-
tion failed. Nevertheless, the displacement re-
sults from the FEA studies and polymeric model 
testing are highly comparable (Table 3, Figure 8). 
    Finally, our FEA and polymeric model testing 
outcomes are similar and comparable with earlier 
studies [1-9, 19]. The similar displacement patterns 
of the FEA and polymeric model testing, together 

with the comparability with earlier studies [6-9, 36- 
-38], show that our study was conducted correctly.  
    The outcomes of the 3D simulation software programs 
were similar and comparable (Table 1 and 2) including 
stress and displacement patterns (Figure 6 and 7). This 
indicates that the FEA setup and outcomes are repro-
ducible and correct. The minor differences in the Solid-
works and Comsol outcome values are caused by the 
inherent differences in the computational calculations 
in the 3D simulation environments of both software. 
   Currently we are working on improving our current 
mandible model by developing a 3D computer model 
based on the exact geometrical shape of the mandible 
instead of using a simplified version, as we did in this 
study. An approachable method for 3D mandible mod-
elling is being designed based on CT images. We believe 
that the FEA approach could significantly help the sur-
geon by giving a better understanding of the preferred 
fracture management regime via creating a 3D visualis-
ation of the fracture, guiding towards an optimal repo-
sition approach and enabling the selection of the most 
suitable fixation technique. Regarding complex fracture 
cases (e.g. comminuted or atrophic mandibles), FEA 
could be applied to design a patient-specific osteosyn-
thesis system. To achieve this, we are analysing other 
types of mandibular fractures (e.g. angle, symphysis or 
parasymphysis) based on the FEA simulation and poly-
meric model testing validation. The model should help 
the surgeon to optimise mandibular fracture treatment, 
thereby improving the surgical practice and the clinical 
outcome. It is possible the same FEA methodology ap-

Table 3. Polymeric model testing displacement at 200 N compared to FEA displacement

Mandibular body height 
[mm] Test number

Displacement  [mm]

Polymeric model 
Testing

Solidworks 
(FEA)

Comsol 
(FEA)

18 I 3.85

II 3.46

III 3.28

Mean 3.53 4.30 4.31

14 I 4.26

II 3.74

III 5.09

Mean 4.36 5.12 5.16

10 I 4.49

II 5.68

III 5.93

Mean 5.37 8.76 8.85

All the test numbers (Test Number I-III) were done under the same conditions as miniplate located on the mandibular upper border. 
Italics: the mean polymeric model displacement (average test I-III) compared to the FEA study’s displacement values.
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proach can be used for optimisation of other bone frac-
tures. However, extensive model testing is necessary to 
validate whether FEA can be used to test other kinds 
of fracture management. Such studies could determine 
whether FEA alone is sufficient to optimise surgical frac-
ture management. 

   Conclusions

This study illustrates that FEA is a promising appli-
cable tool for simulating various types of fractures and 
fixation systems in OMF surgery. It can be applied in the 
clinical setting for fracture management. FEA can pro-
vide clinicians with a lot of information regarding the 
selection of suitable osteosynthesis and the position-
ing of the plate concerning fracture fixation stability.  

This is achieved by evaluating the biomechanical be-
haviour between the plate and the fracture (e.g. stress, 
displacement, and forces). Further, FEA provides a clear 
visualisation of what could be expected in terms of frac-
ture stability.
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Abstract 

Background: Bachmann’s bundle plays a crucial role in the physiology of interatrial signal conduction. In the 
1970s, Bayes de Luna introduced the definition of interatrial blocks (IABs), which negatively influence atrioven-
tricular (AV) synchrony and left atrial (LA) activation. We aimed to assess the potential of LA strain technology in 
evaluating the mechanics of LA in patients with correct conduction and IABs. Additionally, we measured the pa-
rameters of regurgitation in pulmonary veins (PV), which depend on the type of interatrial conduction. Material 
and methods: The study group comprised 51 patients (26 male, 25 female) with symptomatic COVID-19 and si-
nus rhythm. Our study analyzed their medical history, electrocardiography (ECG) and echocardiography, including 
the LA strain parameters. Results: Global peak atrial longitudinal strain (PALS) depended on P-wave duration, LA 
volume, left ventricular ejection fraction (LVEF) and inferior pulmonary veins (PV) regurgitation parameters. Glo-
bal peak atrial contractile strain (PACS) statistically depends on the LVEF, LA volume and the P-wave morphology. 
Conclusions: The presence of IABs negatively influences PACS and PALS. Examining LA strain is complementary 
to accurate ECG, which may be helpful in everyday clinical practice, particularly in diagnosing heart failure with 
preserved ejection fraction (HFpEF) and as a predictor of new episodes of atrial fibrillation (AF).

Keywords: Bachmann’s bundle  ·  LA strain  ·  echocardiography  ·  ECG  ·  P-wave

Citation

Zawadzki JM, Gajek JJ, Sławuta A, Kozłowski D, Zaborniak G, Kudliński B. An echocardiographic tool for the inte-
ratrial conduction disorders – old dog, new tricks? Eur J Transl Clin Med. 2023;6(2):26-35.

DOI: 10.31373/ejtcm/177894

www.ejtcm.gumed.edu.pl
https://creativecommons.org/licenses/by-sa/4.0/
https://ejtcm.gumed.edu.pl/articles/177894
https://orcid.org/0000-0003-4000-4164
https://orcid.org/0000-0002-0038-1750
https://orcid.org/0000-0003-2089-0656
https://orcid.org/0000-0002-7687-1887
https://orcid.org/0000-0001-5671-9864


27An echocardiographic tool for the interatrial conduction...

    Introduction

The activation of atria physiologically starts from the si-
nus node, then spreads across the right atrium (RA) and si-
multaneously turns to the left atrium (LA) [1]. Bachmann’s 
bundle plays a crucial role in the interatrial conduction be-
cause it is the only physiological pathway of the impulse to 
the LA [2]. The correct LA activation is directly connected 
with its correct contraction profile, i.e. mechanical func-
tion. This fact is also of great importance in the efficient 
filling of LV [3]. When the atrium contracts, some blood 
volume naturally flows back into the pulmonary veins (PV) 
without valves as they enter LA. The natural way of reduc-
ing that regurgitant flow is the activity of the circular fibers 
around the PV inlets which clench with LA contraction, thus 
reducing their diameter [4]. The other significant problem 
is the impairment of atrioventricular synchrony, which 
may result in developing heart failure (HF), usually with 
preserved ejection fraction (HFpEF) [5]. This issue touches 
mainly the LV due to the higher pressure necessary for effi-
cient filling [6]. In this regard, the most dangerous subtype 
of the IABs should be the advanced interatrial conduction 
block (A-IAB). Typically, in this case, the roof of the LA is 
blocked for the approaching impulses [7]. This means the 
impulses spread through alternative pathways that are also 
visible in the ECG recording (Figure 1-2). Our goal was to 
assess the potential of LA strain technology in evaluating 
the mechanics of the LA in patients with correct conduc-
tion and IABs. Additionally, we measured the parameters 
of PV, which depend on the type of interatrial conduction.

    Material and methods

Our study group consisted of 51 unselected patients 
(26 male, 25 female) hospitalized due to COVID-19 in the 
University Hospital in Zielona Góra. The inclusion criterion 
for the study group was the presence of sinus rhythm at the 
moment of examination. In contrast, the exclusion criteria 
were: presence of any other rhythm, valvular heart disease, 
eGFR < 30 ml/min/1.73 m2, malignant tumor, decreased 
hemoglobin level (< 11 mg/dL), autoimmune disease and 
thyroid disease. We assessed each patient’s history, labo-
ratory tests, electrocardiography (ECG) and echocardiog-
raphy. The used the Tele ECG device (Biomedical Instru-
ments Co., Ltd., Shenzhen, China) to record 12-lead ECGs 
at the paper speed of 200 mm/s, with an enhancement 
x256. Full-size vector graphics of the ECG recordings were 
used during the interpretation. The IABs were divided as 
suggested by Bayes de Luna: by the specific morphology 
of the P-wave in leads II, III and aVF (Figure 1) [8-9]. The 
first group of patients (Group 1) had ECG recordings with 

regular and positive P-waves, with < 120 ms duration or the 
amplitude > 0,1 mV [10]. Group 2 had ECGs with prolonged 
and flattened P-waves, which seems to be typical for atria 
with damaged structure e.g. due to fibrotic changes. Group 
3 had ECGs with positive/negative P-wave morphology. In 
groups 2 and 3 the duration of P-waves was > 120 ms. 

We used the Arietta 65 ultrasound system (FujiFilm Cor-
poration, Tokyo, Japan) to assess the LA volume, left ven-
tricular ejection fraction (LVEF), mitral regurgitation (MR) 
and PALS in different phases. In addition, we evaluated the 
speed and pressure of the regurgitant flow through the PV.

We conducted the study from September 2021 to 
March 2022 and it was approved by the local Bioethical 
Committee in Zielona Góra (Number 17/153/2021).

Statistical analysis

The study depicted patient characteristics through box 
and mean plots, while the relationships between variables 
were illustrated in scatter plots with regression curves and 
confidence intervals. The quantitative analysis involved 
a regression model, Pearson’s correlation coefficient, Fish-
er’s exact test and Student’s t-test for group mean compar-
isons. Additionally, relationships between variables were 
validated using the analysis of covariance. 

    Results

The baseline characteristics of the patients who quali-
fied for our study group are presented in Figure 3. Among 
most common comorbidities were: arterial hypertension  
(n = 36; 70.6%), diabetes mellitus 2 (n = 21; 41.2%), heart 
failure (n = 12; 23.5%), ischemic heart disease (n = 12; 
23.5%), paroxysmal atrial fibrillation (n = 11; 21.6%), chron-
ic obstructive pulmonary disease (n = 7; 13.7%), obesity  
(n = 5; 9.8%), asthma (n = 3; 5.9%), chronic kidney disease 
(n = 2; 3.9%).

The statistically significant data in Table 1 are divided 
into groups depending on the P-wave morphology. There 
was a  statistically significant correlation between age,  
LV ejection fraction, LA volume, PALS, PACS and the P-wave 
morphology. The rest of the data and correlations are pre-
sented in Figure 4. Statistical significance exists between 
PALS and the inferior PV regurgitation flow parameters.  
LV ejection fraction and LA volume are also directly de-
pendent on PALS. 

Figure 5 shows the Scatterplot of observed PALS values 
against the predicted values based on all independent pa-
rameters that are statistically significant. The scatterplot 
indicates a sufficiently good fit of the model to the meas-



28 Eur J Transl Clin Med 2023;6(2):26-35

Figure 1. ECG recordings showing different P-wave morphologies

A – normal P-wave morphology; B – prolonged P-wave; C – the full Bachmann’s bundle block reflected by positive/negative P-wave morpho-
logy. The recording was done by the means of raster graphics, with the following parameters: 60 mm/s and 20 mm/mV.
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ured values. Similarly, Figure 6 shows the PACS scatterplot, 
independently correlated with LA volume.

An analysis of covariance, which was done based on 
nominal variables and quantitative variables in the pres-
ence of confounding variables, was another approach that 
shows exciting trends. We treated PALS as a  dependent 
variable, while the presence of mitral regurgitation was an 
independent variable and LVEF was the confounding value. 
The results are presented in Table 2.

Based on Table 2, we state that at the p = 0.001 level, the 
null hypothesis (no significant effect of the LVEF variable on 
the PALS variable) should be rejected. In other words, the LVEF 
variable significantly affects the PALS variable. At the signifi-
cance level of p = 0.044, the second null hypothesis (no effect 
of mitral regurgitation on PALS) should be rejected. Therefore, 
PALS depends significantly on the presence or absence of the 
mitral reverse flow, as supported by Figure 7.

Based on the presented results, we state that PALS is re-
lated to P-wave duration, LVEF and mitral reverse flow. Inter-

estingly, PACS seems to depend on the P-waves’ morphology 
(Figure 8).

Abnormal P-wave indicated the presence of an A-IAB 
(advanced interatrial conduction block) or a P-IAB (partial in-
teratrial conduction block). In the investigation of the corre-
lation between hypertension and left atrial parameters (PALS 
and PACS), two-sample t-tests were employed. For PALS, the 
test yielded a  non-significant result (t = 0.39403; P-value = 
0.6955), suggesting a statistically not significant difference in 
the mean between groups with and without hypertension. 
Similarly, for PACS the t-test result (t = -0.90182; P-value = 
0.3722) supports the absence of a  significant difference in 
means between the two groups. Additionally, Fisher’s exact 
test indicated a significant association between hypertension 
and interatrial block (IAB) (P-value = 0.04098, odds ratio = 
4.43, 95% CI:0.93-25.13), highlighting a  statistically relevant 
relationship, suggesting that individuals with hypertension 
are approximately 4.43 times more likely to have experienced 
an interatrial block (IAB).

Figure 2. The same ECG recordings as in Figure 1 registered using fully scalable vector graphics. The accuracy of measurements is signifi-
cantly higher than in Figure 1. 

Table 1. Statistical significance of patients’ characteristics depends on the P-wave morphology

Variable
P-wave morphology

P-value
Normal Prolonged Bachmann’s 

block

P-wave duration (ms) 124.4 ± 15.2 138.5 ± 10.4 141.7 ± 19.7 0.007

Age (years) 63.8 ± 12.2 66.3 ± 14.2 73.6 ± 11.2 0.034

PALS (%) 12.5 ± 3.9 20.0 ± 12.2 19.6 ± 8.1 < 0.001

PACS (%) 16.9 ± 4.1 9.6 ± 6.0 9.3 ± 5.1 < 0.001

LVEF (%) 52.9 ± 9.6 43.4 ± 10.4 38.2 ± 10.9 < 0.001

LA volume (ml) 27 [19-31] 42 [34-45] 30 [21-45] < 0.001
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Figure. 3 The baseline characteristics of patients included in the study 

    Discussion 

The critical material of our discussion should be focused 
on the fact that speckle tracking (LA strain) technology is com-
plementary to accurate electrocardiographic assessment, 
which we proved in our research. Moreover, our results sup-
port the thesis that interatrial blocks affect interatrial synchro-
ny and influence the mechanic synchrony of LA contraction. 

Among the most critical correlations in our study, the 
parameters are directly dependent on the P-wave morphol-
ogy (Table 1). P-wave morphology and LA volume (Figure 4) 
correlated with PALS. PALS is measured in LA early diastole, 
meaning that the diastolic function is worse in case of abnor-
mal P-wave morphology. It is well-known that the structurally 
damaged atrium has poor signal conduction, resulting in al-
tered P-wave morphology and a poor diastolic function. This 
correlation corresponds to the observations made by Kosma-
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la in his research published in 2020 [11]. The authors meas-
ured PALS, PACS and LA volume index (LAVI), which turned 
out to be the most predictive parameters for AF in the future.  
It was stated that the higher risk for AF was mainly connected 
to the lower LA strain values. The study was very interesting, 
showing the potential of echocardiographic tools. Howev-
er, the authors didn’t touch on the meaning of the P-wave 
morphologies, which prompted us to conduct our research.  

Figure 4. Graphs of PALS scattering depend on the P-wave duration, LVEF, velocity and pressure in the regurgitant flow in the inferior 
pulmonary veins (Pearson’s correlation coefficients and the simple regression analysis) 

The P-wave morphology is very important in this matter, as 
Bayes de Luna stated in his definition of “Bayes Syndrome” 
[12-13]. The point was that the presence of A-IAB is a strong 
predictor for new episodes of AF in patients with heart failure. 

In our study, PALS and PACS correlated with the P-wave 
morphology, proving that the decreased atrial contraction 
is connected to the abnormal P-wave morphology. It should 
be remembered that the differences between PALS and PACS 
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Figure 5. Scatterplot of observed PALS values against the predic-
ted values

Figure 7. The graphic presentation of the results acquired from 
the analysis of covariance

Figure 6. Scatterplot of PACS values against the LA volume

Table 2. The results of an analysis of covariance for PALS

Figure 8. Correlation between PALS and the morphology of the 
P-wave regarding whether it is normal or abnormal

Effect SS df MS F P-value

  Constant 67.5 1 67.5 1.03 0.315

  EF 927.5 1 927.5 14.2 0.001

  Mitral backflow 283.0 1 283.0 4.33 0.044

  Error 2743.4 42 65.3

Df – degrees of freedom (represent the number of independent values or observations available for estimating parameters or testing hypo-
theses;  F – F-statistic (the ratio of variances used to test the hypothesis of equality among group means); MS – mean square (obtained by 
dividing the sum of squares by its corresponding degrees of freedom; p-value (indicates the probability of obtaining the observed F-statistic 
or a more extreme value if the null hypothesis is true); SS – sum of squares (represents the variability in the data)
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versus P-wave morphology was significant only between nor-
mal and abnormal P-wave morphologies, i.e. normal P-wave 
versus any IAB (Figure 8). This tendency requires further re-
search by quantitative LA regional strain. 

Watanabe was close to this idea by presenting an excit-
ing approach using the phenomenon of LA mechanic disper-
sion in his study in 2015 [14]. This term was defined as the 
SD of the time to the top of the regional strain curves. The 
measurements were corrected by RR interval. LA mechanical 
dispersion was supposed to determine the alterations in syn-
chrony of LA contraction; however, similarly to Kosmala, the 
research did not mention the morphology of the P-wave and 
did not directly measure the order of the separate LA regions’ 
contraction. This combined, complicated approach remains 
an open question for future research.

One of our aims was to examine the correlation between 
LA functional parameters and the parameters of PV regur-
gitant flow. Figure 4 shows there was a strong statistical de-
pendence between PALS and the velocity and pressure in the 
inferior PV. Unfortunately, we haven’t found any literature 
touching this problem, which makes our findings novel in this 
field and requires more detailed research. There was also an-
other potential relation, which we had to analyze to remain as 
objective as possible: the connection between mitral regurgi-
tation and the regurgitant flow in PV. It turned out there was 
no significant correlation between these two variables. We 
found more elaborate explanations for this fact in research 
published by Mark et al. [15]. The authors stated: “(…) it is 
unlikely that mitral regurgitation jet direction per se causes 
predictable and selective unilateral alteration in pulmonary 
vein flow patterns.”

Focusing on PALS and PACS, we also defined the inde-
pendent factors influencing these parameters. For example, 
as presented in Figure 5, PALS directly depends on LVEF and 
P-wave duration, with a sufficiently good coefficient R2. When 
it comes to the analysis of covariance, it turned out that the 
presence of mitral regurgitation also correlated with PALS in-
dependently. In his study, Stassen found that PALS was asso-
ciated with the severity of mitral regurgitation, which directly 
supports our findings [16]. The authors focused on patients 
with more than mild (grade ≥ 2) secondary MR. 

PACS was also dependent on the LVEF and the other sig-
nificant parameter was LA volume with a sufficiently good co-
efficient R2. Most of the publications focus on the relationship 
between PALS and LV diastolic dysfunction in terms of HFpEF, 
which has been growing very popular. [17-19]. The reason for 
that is the assessment of LA enlargement, which is one of the 
diagnostic criteria in the definition of HF and LA strain turns 
out to be a promising new tool [20]. This means the discussion 
about PACS’s meaning in patients with HFpEF and HFrEF is still 
open and requires more attention. 

The IABs

To understand the complete perspective, we should dis-
cuss the phenomenon of interatrial blocks. Bayes de Luna first 
described and introduced the definition of interatrial blocks 
(IABs) in his research in 1979 [7-8]. The slowdown of the signal 
characterizes the partial block (P-IAB) of the Bachmann’s bun-
dle spread through the roof of the left atrium. It is problematic 
because the atria are physiologically connected by the Bach-
mann’s bundle, which blends in with the muscular tissue of LA 
in the region of the LA roof [21-22]. This kind of block is ob-
served in ECG as a prolonged, often double-peaked P-wave [23].  
The peaks depict the activation of RA and LA, respective-
ly, which means there is a delay between these activations.  
It is also common that the P-wave is flat in the case of P-IAB. 
The reasons for the low amplitude of the P-wave in P-IAB 
are the structural damage of atrial muscular tissue or the 
presence of additional activation connected with many elec-
tric currents spreading across LA. The multiple currents act 
against each other, resulting in a flat resultant of the P-wave 
[24]. The optional breakthrough spot between LA and RA may 
be located in the foramen ovale or the coronary sinus [25]. 

In the case of A-IAB, the roof of LA is blocked, which 
means that the impulses spread anteriorly and inferiorly 
around the blocked roof. This activation profile is followed by 
the caudocranial activation of the LA roof and the area be-
tween PV [26]. In ECG, this phenomenon is reflected by pos-
itive/negative P-wave morphology. The positive component 
reflects the contraction of RA, while the negative part depicts 
the caudocranial activation of LA. 

Interestingly, the optional, pathologic ways of conduction 
may be present in both P-IAB and A-IAB. An argument sup-
porting this statement is the fact that only normal vs. abnor-
mal P-wave morphology was statistically significant regarding 
LA contraction strain. The subtypes of IAB aren’t statistically 
significant between each other in this regard, according to the 
results of our research. The only important factor for PACS 
was the existence of any IAB (Figure 8). This fact requires fur-
ther examination with an assessment of LA regional strain. 

Clinical implications 

Our findings may be clinically applied in improved diag-
nostics of the new onsets of AFP in the future. The decreased 
LA strain in connection with abnormal P-wave morphology is 
evidence of asynchronous LA contraction, which increases the 
likelihood of AF in the future. Also, the decreased function of 
LA may be a component of HFpEF development and diagnosis. 
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Study limitations

Among significant study limitations, we enumerate a rel-
atively small study group and the lack of other literature that 
could serve as a  reference or a  comparison. The acquired  
values were difficult to interpret or discuss without addition-
al scientific support. This fact, however, makes our study one 
of the first to discuss this topic. The other limitation was the 
presence of acute COVID-19, the main comorbidity among 
patients in our study. We are unaware of how it influenced 
the results. Some publications indicate that COVID-19 per se 
could negatively affect the conduction and development of 
IABs [27]. It also means that the infection could have a nega-
tive impact on LA strain values. In future research, we plan to 
confront these findings with patients without COVID-19. 

    Conclusions

The presence of IABs influences PACS and PALS negatively, 
i.e., the mechanic function of LA is decreased. PALS statistical-
ly correlates with the P-wave duration, LVEF, LA volume and 
mitral regurgitation. At the same time, PACS is statistically de-
pendent on the LVEF, LA volume and the P-wave morphology. 
Examining LA strain is complementary to an accurate ECG in-
terpretation, which may be helpful in everyday clinical prac-
tice.
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Abstract 

Background: Mycobacterium tuberculosis causes tuberculosis (TB), the most lethal infectious disease in the 
world that affects people of all ages. The aim of our study was to estimate the prevalence of TB in the Gujarat 
state (India). Material and methods: This was a retrospective study conducted at the Pandit Dindayal Upadhyay 
Government Medical Hospital (PDUGMH) in Gujarat between 2018 and 2022. Results: A total of 5624 TB notifica-
tion records were reviewed from the TB & Chest Department of the PDUGMH. 5207 of them reported TB-positive 
results, majority of which concerned pulmonary TB (57.27%, n = 2982). 3586 (68.87%) of the TB-positive patients 
were male and 1621 (31.13%) were female. The most group most affected by TB was 15-29 years of age, with 
a high peak in 2019. Amongst the TB-positive patients, 215 suffered from diabetes and 454 were HIV-positive. 
Majority of patients with an infected lymph node suffered from extrapulmonary TB. Rifampicin-resistant TB was 
observed in 0.8% (n = 42) of patients and 3 patients were treated with the longer oral regimen for fluoroquino-
lone-resistant multi-drug resistant TB (0.1%). Conclusions: Our findings indicate that during 2018-2022, patients 
treated at PDUGMH had a TB prevalence of 92.59%, with a corresponding rate of multidrug-resistant TB standing 
at 1.48%. A comprehensive study is required to accurately assess the TB burden in India and to guide national 
strategies for TB eradication.
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    Introduction 

Mycobacterium tuberculosis, an infectious bacterial dis-
ease that most frequently affects the lungs but can harm oth-
er tissue, is the cause of tuberculosis. M. tuberculosis spreads 
between people through the respiratory system [1]. The glob-
al incidence of tuberculosis was 127 per 100000 people [2]. 
Tuberculosis (TB) is a leading cause of mortality and a global 
health issue among several mycobacterial illnesses. Based on 
the World Health Organization’s (WHO) annual TB report for 
2021, around 9.9 million people are ill with TB, with an antici- 
pated 1.3 million deaths. It necessitates the development of 
new medicines, as well as improved diagnostics and health-
care coverage. The WHO internationally endorsed the directly 
observed treatment, short course (DOTS) strategy in 1970.  
It has been acknowledged as a highly efficient and cost-effec-
tive technique for tuberculosis control [3]. Furthermore, the 
End TB strategy by WHO aims for a 95% reduction in TB mor-
tality by the year 2035 [4].

M. tuberculosis is a  sessile, noncapsulated, nons-
pore-forming bacterium which although acid-fast staining, it 
requires an additional stain (Ziehl Neelsen, ZN). It is because of 
mycolic acid, which is an unsaponifiable wax. It creates a sem-
ipermeable wall surrounding the cell, making it acid-fast. Chil-
dren are immunized with the Bacillus Calmette-Guerin (BCG) 
vaccine to protect them from severe forms of TB. Sometimes 
BCG is advised for adults with drug-resistant TB [5]. Numerous 
diagnostic techniques are available now for identifying TB, but 
sputum smear microscopy still is the most common, which is 
ineffective in cases of medication resistance [6-8].

M. tuberculosis is transmitted via mucous droplets during 
activities such as coughing, laughing, sneezing, spitting, and 
even breathing. The infected airborne droplets make their 
way through the oral and nasal passages, eventually infect-
ing the alveoli of the lungs [9]. Although M. tuberculosis typ-

ically infects the lungs and causes pulmonary TB, it can also 
spread to other bodily areas, including the kidney, spine, and 
brain, where it can cause extrapulmonary TB [10]. Samples 
from the respiratory system (e.g. sputum, induced sputum, 
bronchoalveolar lavage or lung biopsy) are typically analyzed 
to diagnose pulmonary TB, which is more prevalent. Whereas 
the extrapulmonary TB can be detected through various sam-
ples, including biopsies, urine, pus, aspirates and sterile body 
fluids (e.g. pleural, abdominal, cerebrospinal, synovial, geni-
tourinary, pericardial and peritoneal fluids). For HIV-positive 
patients, the diagnosis of extrapulmonary TB will depend on 
the site of infection. For that, the stool sample is examined for 
intestinal TB to detect M. avium [11-12].

India is among the countries with high burden of TB [13- 
-14]. Whereas the Gujarat state has a moderate case notifi-
cation rate and in 2021 it achieved a > 20% reduction in TB 
incidence (received “Bronze” category award). As shown in  
Figure 1, the data released by TB India revealed that Nikshay- 
-Gujarat stands third in contributing to total TB notification 
in April, 2020 [15]. TB burden estimation must be carried out 
annually in order to re-calibrate the state- and district-wide 
TB strategies. 

As a Tertiary Care Institute, the TB and Chest Department 
of the PDUGMH receives sputum and other body fluid sam-
ples from the Rajkot district and 11 other districts to investi-
gate cases of TB infections. The aim of our study was to esti-
mate the prevalence of TB in the Gujarat state (India). 

    Material and methods

This study was conducted at the PDUGMH in, from where 
the notification records were collected between January 2018 
to December 2022. 

Data collection 

From TB & Chest Department at 
PDUGMH (a Tertiary Care Teaching Insti-
tute in Rajkot), the TB notification records 
were gathered. These included patient 
demographic information such as age, 
sex, weight, HIV status, diabetes and drug 
susceptibility test results. The number of 
patients who died during the treatment 
was also noted. 

Patients

Participants who reported cough last-
ing 2 weeks or longer, fever, weight loss or 
night sweats of any duration were catego-

Figure 1. Nikshay-Gujarat stands third in contributing to the total TB notifications in 
April, 2020
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rized as having TB symptoms and their sputum samples were 
collected. Two sputum samples were gathered: one immedi-
ately upon admission and the second on the following morn-
ing. The sputum samples were collected in sterile, single-use 
disposable containers within the PDUGMH laboratory in  
Rajkot on the same day for testing. The sputum from patients 
underwent testing for acid fast bacilli (AFB) through smear mi-
croscopy using a fluorescent stain. Patients were diagnosed 
with smear-positive TB if at least one sputum sample tested 
positive for AFB. The microscopic test employs an exception-
ally sensitive microscope, capable of detecting individual live 
bacilli. The sputum was cultured on Lowenstein-Jensen medi-
um and examined for M. tuberculosis growth once a week for 
eight weeks. A patient was diagnosed with sputum-positive 
pulmonary TB if found positive through smear and/or culture.

Patients underwent chest X-rays, chest ultrasonography, 
brain magnetic resonance imaging (MRI) and Cartridge Based 
Nucleic Acid Amplification Test (CBNAAT) based on their cur-
rent condition and diagnostic results. For CBNAAT, specimens 
were transported at 2-8°C to the nearest diagnostic site using 

triple packaging. Extrapulmonary TB symptomatic patients 
had their body fluids (e.g. abdominal fluids, pleural fluids, mil-
iary fluids, cerebrospinal fluid, pericardial fluids, genitourinary 
fluids) examined. Drug susceptibility tests were conducted, 
categorizing patients into H mono-resistant, H poly-resistant, 
rifampicin-resistant (RR) TB and longer multidrug-resistant 
(MDR) regimen cases.

Statistical analysis

The data were analyzed using Excel software (Microsoft, 
Redmond, WA, USA) and exported to IBM SPSS Statistics, Ver-
sion 19 (IBM, Armonk, USA) for the descriptive statistics e.g. 
mean, total, and percent distribution. A  Chi-Square statistic 
was applied to calculate the difference between variables like 
subject sex and age. The P-value of < 0.05 determined statis-
tical significance. The percentage of resistance was estimated 
by dividing the total number of resistant isolates detected for 
a single drug or a combination by the total number of positive 
TB patients examined. 

Figure 2. Number of positive TB cases

Figure 3. Age-wise distribution of TB-positive cases

    Results

A total of 5624 records from January 1st 2018 
and December 31st 2022 were examined, with 
an annual range of 954-1389. Majority of these, 
(92.58%, n = 5207) contained TB-positive results, 
with the annual positive rate fluctuating between 
89.31% and 96.61%. Notably, there was a  dip in 
the annual rate in 2021, reaching 89.31%. The year 
2019 exhibited the highest case count (n = 1297), 
as visualized in Figure 2. Among the 5207 TB-pos-
itive patients, 3,586 (68.87%) were identified as 
males, while 1621 (31.13%) were females. With-
in this TB-positive group, 215 (4.13%) patients 
(mostly male) were diagnosed with diabetes and 
454 (8.72%) were HIV-positive. The distribution 
of patient ages is illustrated in Table 1. When seg-
mented by age, the group of patients were 15-29 
years of age (n = 1692), while the lowest number 
of patients were in the 0-14 age bracket (n = 378), 
as portrayed in Figure 3.

Among the 5207 TB-positive patients, majori-
ty (n = 2982, 57.27%) were pulmonary TB-positive, 
and 2225 (42.73%) were extrapulmonary TB-pos-
itive. Majority of these patients were male, cases, 
A high prevalence of pulmonary TB and extrapul-
monary TB was found in males: n = 2193 and n = 
1393, respectively [13], as shown in Figure 4. 
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Number of records (Year) Total 

Age (Years) 2018 2019 2020 2021 2022

0-14 114 89 63 59 53

15-29 345 396 345 273 333

30-43 295 364 249 206 233

44-59 200 255 183 182 234

≥ 60 131 196 109 132 172

Total 1122 1389 1037 954 1122 5624

Positive cases 1084 1297 949 852 1025 5207

Pulmonary tuberculosis 2982 (57.27%)

Extrapulmonary tuberculosis 2225 (42.73%)

Diabetes 215 (4.13%)

HIV-positive 454 (8.72%)

Table 1. Age distribution of TB-positive patients of the Pandit Dindayal Upadhyay Government Medical Hospital during 2018-2022

Figure 4. Specific diagnoses of TB-positive patients
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Positive pulmonary TB cases were detected through spu-
tum analysis by fluorescent stain microscopy [16]. Positive ex-
trapulmonary TB cases were detected in the abdominal fluid, 
pleural fluid, lymph node, miliary, spinal fluid, genitourinary 
fluid, pericardial fluid, TBM, and bone (excluding spine). Apart 
from these sites, the positive extrapulmonary TB patients 
were classified as “others”. The highest number of extrapul-
monary TB cases were detected through the lymph nodes  
(n = 610) and the least with genitourinary fluid (n = 11), as 
shown in Figure 5. 

Among the 5207 TB-positive cultures, 5130 (98.52%) 
were susceptible to all the TB medications, while 77 (1.48%) 
were resistant to at least one drug. Of the 77 drug-resistant 
cultures, most (n = 42) were RR-TB cases (Figure 6). 

Figure 6. Distribution of drug resistant cases

Figure 5. Distribution of extrapulmonary TB cases

The total of 683 deaths occurred while under-
going treatment, with the lowest count observed in 
the year 2022 (n = 97).

    Discussion

This retrospective study aimed to determine 
the prevalence of TB in a particular region of In-
dia and to gauge the incidence of drug-resistant 
tuberculosis. We found that during the 5-year pe-
riod (2018-2022), the prevalence of TB among the 
patients treated at this institute was 92.59%. 2019 
was the year with the most remarkable rate of TB 

positive cases, probably due to the hospital laborato-
ry receiving samples from various districts throughout 
the year. 

Our results also showed males were more fre-
quently infected with TB (p < 0.05), both the pulmo-
nary and extrapulmonary presentation, as reported 
in the WHO’s global surveillance report [17] and also 
seen in other studies [18-19]. The reasons behind this 
gender difference are behavioural (e.g. the patient’s 
activities, tobacco smoking and alcohol use) and phys-
iological e.g. sex hormones might modulate the im-
mune response required for defending against TB and 
other infections [20-22]. 

In some of the published studies pulmonary TB 
and extrapulmonary TB were found equally often with 

FQ – fluoroquinolone-resistant, MDR – multidrug-resistant, RR – rifampicin-resistant, TB – tuberculosis
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no significant difference (p > 0.05) [23-24], which is so seen in 
the results of the current study. We noted that the majority of 
pulmonary TB cases were confirmed with microscopy tests, 
whereas lymph node specimens were the major site for ex-
trapulmonary TB.

A high score of positive TB infection is seen in the group 
15-29 years of age (p < 0.05). The cause could be attributed 
to either disregarding the symptoms or delaying the seeking 
of medical attention upon their emergence. There might be 
a  lack of awareness regarding the high transmission rate of 
the disease within the patients’ own family [25]. The rise in 
co-morbidities or immunosenescence may also be one of the 
reasons for the reactivation of latent M. tuberculosis infection 
and the increase in susceptibility to TB disease in older people 
[26-27].

The rates of drug resistant TB in other regions of India is the 
subject of several studies [14, 28]. Similar studies are carried 
out which involved the estimation of rends in TB prevalence 
in different communities in south India [29-30] and north In-
dia [31]. The study conducted in Chennai [30] revealed a high 
prevalence among individuals aged 55-64 years, whereas we 
found a high prevalence among those aged 15-29 years which 
is consistent with the report from the Thiruvallur district of the 
Tamil Nadu state [32]. A study conducted in northern Indian 
districts [31] reported a high male representation among the 
TB-positive cases, which aligns with our own study’s findings. 
Another study showed high TB burden in the states of Delhi 
and Tamil Nadu [33]. Also a 2005 study showed a compara-
tive TB prevalence in India focusing rural and urban areas [34].  
Following these studies, including the current one, there is 
a significant difference in rates of drug-resistant TB in India.

Furthermore, a study compared TB data from India with 
the WHO report where there was a decline in TB incidence 
which were close to estimates published in the recent Global 
TB report 2022 [35]. 

Since our study period includes the COVID-19 outbreak 
(2019), the TB incidence might be affected by the COVID pos-
itive cases. The data we collected did not include the COV-
ID-19 results, therefore a correlation cannot be made on the 
TB positive and COVID positive cases. However, another study 
reports that there was a rise in May 2020 with peak in August 
and a decline in October 2020 [36]. Following our data from 
Table 1, it can be seen that there was a rise in TB positive cas-
es from 2018 to 2019. Then it declined which might be due 
to the lock-down period from April to July 2020, as seen in 
a modelling study [35].

As seen in our results and in the literature, the drug re-
sistance rate at the PDUGMH has dramatically decreased over 
the past five years (p < 0.05) [13, 37-39]. Improved compliance 
brought on by direct witnessed therapy and advancements in 
TB diagnosis and resistance testing may be responsible for 
the decline in antibiotic resistance. Among all the TB-positive  

resistant cases, the majority of cases were attributed to RR-TB 
cases.

Limitations

Our study has several limitations, including the fact that 
we analyzed data from only one center, which does not ac-
curately reflect the demographic structure of the entire 
nation. The TB notification records do not include data on 
previous history of TB, therefore we were not able to assess 
the risk factors for drug-resistant TB. This analysis excluded 
second-line anti-TB medications and patients for whom com-
plete data were unavailable.

Future perspectives

The overall prevalence of TB in the Gujarat state is low. 
Still, to understand the deadliness of TB, the pattern of the 
disease must be monitored periodically to do appropriate 
planning. Also, details of the patient’s history must be record-
ed, such as the spread of TB, sufficient and balanced nutri-
tion, and cautious handling of ill family members. Healthcare 
providers must look into the information of patients’ close 
contacts and perform screening, particularly for those having 
cough, fever, and weight loss and treat them if required.

    Conclusion

Among PDUGMH patients, the prevalence of tuberculo-
sis, particularly MDR-TB, is still low. Adult male patients are 
more likely to contract M. tuberculosis. Our findings indicate 
that men and people over 60 are more likely to have active TB 
illness. Investigations into India’s nation-wide TB prevalence 
and antibiotic resistance are still needed. More emphasis 
must be placed on the importance of thorough national and 
international studies of the risk factors for the emergence of 
active TB and the treatment of its drug-resistance. 
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Abstract 

Background: Heart failure (HF) constitutes a complex clinical entity and often coexists with atrial fibrillation (AF). 
There is a scarcity of evidence-based therapies for those with ejection fraction (EF) ≥ 40%. The effect restoring 
regular ventricular response in patients with HF with EF ≥ 40% and concomitant permanent AF is unknown. Me-
thods: This was a retrospective case-series study. 14 patients with symptomatic HF with EF ≥ 40% and permanent 
AF who had undergone permanent His bundle pacing (pHBP) were identified and enrolled. For 9 patients pHBP 
was a primary strategy, for the remaining patients it was an upgrade from right single chamber ventricular pacing. 
All patients underwent a follow-up visit 3 months after the procedure. Results: The severity of HF based on the 
New York Heart Association (NYHA) class was significantly reduced post-pHBP (mean 2.5 vs. 1.0, p-value < 0.001). 
Left ventricular ejection fraction significantly increased (mean increase 8.5%, p < 0.001) Similarly, significant de-
crease in the left ventricular end-diastolic diameter was observed after pHBP (mean decrease 5.4 mm, p < 0.001). 
The degree of mitral regurgitation after three months was lower (mean grade 2.4 vs. 1.2, p < 0.001). Conclusions: 
Permanent HBP might be beneficial in the setting of permanent AF and HF with EF ≥ 40%.
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    Introduction

Heart failure (HF) constitutes a complex clinical entity. 
While there are many drugs and devices with proven bene-
fit for HF with reduced ejection fraction (EF) < 40%, there is 
a scarcity of evidence for beneficial therapies for those with 
EF ≥ 40%. European Society of Cardiology (ESC) 2021 guide-
lines for HF with their 2023 Focused Update contain only 
one class I recommendation for drug therapy with proven 
benefit on prognosis: SGLT2 inhibitors [1-2]. As such, treat-
ment of HF with mildly reduced or preserved ejection frac-
tion remains difficult.

Numerous pathophysiological processes can lead to 
impaired left ventricular (LV) filling, with increased pressure 
in the pulmonary vascular bed and symptoms of HF regard-
less of preserved or mildly reduced left ventricular systolic 
function [3]. The clinical course of HF with preserved EF is 
commonly further complicated by coexistence of atrial fi-
brillation (AF). The lack of mechanical function of the atria, 
in particular of the left atrium, influences negatively the fill-
ing of the ventricles increasing the pressure in both venous 
vascular beds thus contributing to the symptoms of HF. AF 
contributes furthermore to the development of mitral re-
gurgitation (MR) or exacerbation of the present one which 
facilitates HF symptoms.

The aim of our study was to assess the influence of per-
manent His bundle pacing (pHBP) in patients with perma-
nent AF (PAF) and concomitant symptomatic HF with EF ≥ 
40%.

    Material and methods

Patients were selected and the data were gathered 
retrospectively from the medical records of the Kłodzko 
County Hospital. Baseline characteristics were extracted 
from admission clinical data collected prior to the proce-
dure. Outcomes assessment was based on data collected 
during first follow-up visit after the device implantation, 
scheduled 3 months after the implantation. 

The study group consisted of 14 patients who have un-
dergone pHBP device implantation due to PAF with slow 
ventricular conduction or were upgradedfrom single cham-
ber right ventricular pacing to pHBP. The inclusion criteria 
were as follows: age >18 years, symptomatic HF with NYHA 
class II-III, EF ≥ 40%, concomitant PAF, pHBP as part of treat-
ment. All identified eligible patients were enrolled into the 
study. Written informed consent was given by every patient 
prior to the device implantation. Local institutional review 
board approved the study protocol.

Devices and pacing

All patients were provided with pHBP in the course of 
their therapy. Intrinsic QRS complexes were narrow in all of 
their electrocardiograms. For 9 patients, a pacemaker (PM) 
with the pHBP lead was the primary treatment strategy. 
One received single chamber pacemaker with pHBP lead 
only. The rest underwent dual chamber PM implantation 
with the HBP lead connected to atrial channel and RV lead 
connected to ventricular channel serving as a  back-up in 
case of failure of HBP lead. Five patients had pre-existing 
single chamber VVI device with RV lead. They underwent 
an upgrade procedure – implantation of pHBP lead con-
nected to atrial channel. The devices were set into the DDD 
(VVI in the single case with single chamber device) mode 
with very low atrial sensitivity level to functionally blind the 
atrial channel, so that the actual programmed functional 
mode was DVI. In 9 of them selective HBP was achieved. 
Whereas in the rest of the patients myocardial activation 
via nonselective HBP was also noted.

Statistical analysis

Continuous variables were compared with Student’s 
t-test. Ordinal variables, such as mitral regurgitation, were 
compared with the Wilcoxon signed ranks test. Pearson 
correlation coefficient was used to assess changes in the 
left ventricular end-diastolic diameter (LVEDD) and EF val-
ues at baseline and after pHBP. All calculations and data 
analysis were performed using the JASP software (Ver-
sion 0.13.1, JASP Team, University of Amsterdam). P-value  
< 0.05 was considered to be statistically significant and all 
tests were two-tailed.

    Results

Baseline characteristics of patients are shown in Table 1.  
The follow-up visit took place 14.1 ± 4.6 (mean ± standard 
deviation) weeks after the procedure.

Procedure and pacing details

In 10 patients selective pHBP was achieved and nonse-
lective pHBP in the remaining 4. The mean pHBP percent-
age, as assessed during the device follow-up, was 82.1% 
(minimum 66% – maximum 99%).
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Outcomes

LVEF significantly increased from the mean 53.8% at 
baseline to 62.3% at follow-up (mean increase by 8.5%, 95% 
confidence interval 7.7-9.2, p < 0.001). Increase in EF was 
negatively correlated with the baseline values, as shown in 
Figure 1. Similarly, significant decrease in LVEDD was ob-
served – from mean 54.4 mm at baseline to 49.6 mm at 
follow-up (mean decrease by 5.4 mm, 95% confidence in-
terval 5.0-5.8, p < 0.001). However, in this case, no correla-
tion between the baseline values and degree of diameter’s 
reduction was observed (Pearson’s r = -0.306, p = 0.287). 
The degree of MR after three months was lower (mean 

Sex [male:female] 4:10 [ratio]

Age [years] 69 ± 6.2 [mean ± SD]

NYHA [class II:III] 7:7

LVEF [%] 53.8 ± 3.6 (mean ± SD)

LVEDD [mm] 54.4 ± 2.3 (mean ± SD)

Metoprolol equivalent dose [mg] 39.3 ± 16.2 (mean ±)

Table 1. Baseline characteristics

NYHA – New York Heart Association; LVEF – left ventricular ejection fraction; 
LVEDD – left ventricular end diastolic diameter

Figure 1. Scatter plot of baseline LVEF and difference in LVEF at 
follow-up.

grade at the baseline 2.4 vs. 1.2 at follow-up,  
p < 0.001). NYHA class was significantly reduced 
(mean class 2.5 vs. 1.0 p < 0.001). All ofthese 
findings are summarized in Table 2. Moreover, 
at follow-up prescribed doses of beta blocker 
were higher by 69.6 ± 29.7 (mean ± standard 
deviation) mg in metoprolol equivalents.

    Discussion

AF and HF commonly coexist. This is no 
surprise as they share the same risk factors. 
Moreover, they influence each other so one can 
precede another. HF is the strongest predictor 
of AF in the future [4]. AF is precipitated by HF 
in many ways. AF can also affect HF and worsen 
LV function making this two conditions a vicious 

circle [5]. Clearly, the loss of atrial contractile function leads 
to a decrease in global heart contractile function. Howev-
er, peculiar ventricular response in AF causes some unfa-
vorable phenomena. Tachycardia-induced cardiomyopathy 
(TCM) is the long recognized clinical entity which was de-
picted in the setting of AF over 100 years ago [6]. Recently 
new clinical concept started to emerge: AF induced car-
diomyopathy (AFCM) [7]. Basic assumption is that AF can 
lead to cardiomyopathy and worsening of LV function not 
only by rapid ventricular response, budue to the irregular 
rhythm. Clark et al. elegantly showed that irregularity of 
ventricular rhythm has an adverse impact on hemodynam-
ics, irrespectively of the heart rate [8]. Similar results were 
observed in a  study of patients with HF with reduced EF 
during biventricular pacing. However, detrimental effects 
of irregularity were seen only at higher heart rates [9]. Far 
bigger and clinically more important was the APAF-CRT  
trial. It involved patients with AF, symptomatic HF and nar-
row QRS. Patients were randomly assigned to the AV node 
ablation and biventricular pacing or to the optimal pharma-
cological rate-control therapy. Most of the trial participants 
were patients with HF and EF > 35%. That trial demonstrat-
ed the superiority of the AV node ablation and BiV pacing 
over the rate-control approach in matters of combined pri-
mary endpoint of death due to HF or hospitalization for HF 
or worsening of HF. This statistically significant effect was 
seen also among the patientswith EF > 35% [10].

In recent years a  few trials demonstrated that sinus 
rhythm restoration by pulmonary vein isolation (PVI) might 
be beneficial in HF patients. In 2013 a small, observational 
study showed augmentation of LV dysfunction following 
AF ablation, despite optimal medical therapy and well con-
trolled ventricular rate [11]. The CASTLE-AF randomized 
controlled trial involving HF patients with EF ≤ 35% and AF, 
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showed that PVI lowers risk of death and hospitalization for 
worsening HF compared to the rate control strategy [12]. 
These two trials were conducted among patients with se-
verely reduced LVEF, however the benefit of PVI in patients 
with HF and EF > 40% was noted in the post-hoc analysis of 
the CABANA-AF trial. In the subgroup of patients with an 
established HF, PVI resulted in improved survival, freedom 
from AF recurrence and higher quality of life. Most impor-
tantly, only 11.7% of population had EF < 40% [13].

As expected, shift in management of AF in HF patients 
can be seen and in the recent ESC guidelines gave PVI in 
patients with AF and HF with reduced LVEF has a class IIa 
recommendation [1]. PVI might be beneficial for patients 
with HF due to the restoration of atrial contractility, of reg-
ular ventricular rhythm or both. Some insights came from 
the PABA-CHF trial. In this randomized clinical trial, PVI was 
compared with AV node ablation and biventricular pacing 
(BiV) in patients with AF and concomitant HF. Results fa-
voured PVI owing to the fact that at follow-up the patients 
in the PVI arm presented with higher EF and lower Min-
nesota Living with Heart Failure questionnaire scores [14]. 
While achieving regularity of ventricular rhythm by means 
of pacing clearly lacks the potential benefit of restoring 

atrial contractile function, nearly half of AF patients have 
PAF, therefore restoring the sinus rhythmis no longer con-
sidered suitable [15]. Moreover, nowadays a revolution in 
pacing is unfolding – conduction system pacing. Two studies 
published in 2017 explored role of pHBP in patients with AF 
and HF who had undergone AV node ablation. Vijayaraman 
et al. proved pHBP to be feasible in the context of AV node 
ablation due to symptomatic AF. Echocardiographic im-
provement was also noted, however driven mainly by the 
EF < 40% subgroup. Unfortunately, little data on baseline 
characteristics (e.g. prior rate control) were provided [16]. 
Huang et al. pulishwdthe results of a prospective registryin 
which patients with HF (regardless of EF) and permanent 
AF with satisfying rate control (mean 83 beats perminute) 
underwent pHBP and AV node ablation [17]. During fol-
low-up the authors noted improvements in EF, NYHA class 
and diuretic usein patients with EF ≤ 40% as well as EF > 
40% [17]. In accordance with our results, the improvement 
in EF noted in both aforementioned studies was correlated 
with baseline EF. 

We hypothesize that irregular ventricular response fa-
cilitates the worsening of heart function which might be 
reversed by physiological ventricular pacing achieved by 

Before pHBP After pHBP P-value

LVEF [%] 53.8 (95% CI 52-55.6) 62.3 (95% CI 60.9-63.7) < 0.001

LVEDD [mm] 54.4 (95% CI  53.3-55.5) 49.6 (95% CI 48.5-50.7) < 0.001

NYHA class mean 2.5 mean 1.0 < 0.001

    I 0 100% (14/14)

    II 50% (7/14) 0

    III 50% (7/14) 0

    IV 0 0

MR grade mean 2.4 mean 1.2 < 0.001

    mild 0 80% (11/14)

    moderate 60% (9/14) 20% (3/14)

    severe 40% (5/14) 0

Table 2. Outcomes

CI – confidence interval; LVEF – left ventricular ejection fraction; LVEDD – left ventricular end diastolic diameter; MR – mitral regurgitation; 
NYHA – New York Heart Association; pHBP – permanent His bundle pacing
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pHBP. Our results provide further data to support that the-
sis. 

However, we identify serious limitations of our study, 
e.g. it was a retrospective study on a  small population. 
Data collection was conducted in a  non-blinded, unsys-
tematic manner. We couldn’t identify data neither on prior 
rate control nor on QRS duration after pHBP. Percentage of 
pHBP pacing was far from recommended for BiV percent-
age.

    Conclusions

Our study has shown that patients with HF with EF ≥ 
40% and concomitant PAF may benefit from restoring regu-
lar heart rate with pHBP. All patients had significant clinical 

improvement as shown by lower NYHA class. Moreover, 
LVEF increase in every case, (at least by 7%) and a decrease 
in LVEDD suggests that the restoration of a  regular heart 
rhythm with narrow QRS reverses adverse LV remodeling. 
Due to the limitations of our study, more research is need-
ed to draw firm conclusions.
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Abstract 

Background: Diabetes mellitus is a global health concern affecting 173 million adults annually that requires ef-
fective treatment. Medicinal plants such as ginger and curcumin, rich in bioactive compounds, have therapeutic 
potential. The aim of this study was to evaluate the therapeutic potential of ginger and curcumin extracts in 
diabetic nephropathy in the rat model. Material and methods: High-performance liquid chromatography was 
used to examine ginger and curcumin extracts. Fifty male Sprague Dawley rats were divided into five groups: con-
trol, untreated diabetic, ginger-treated diabetic, curcumin-treated diabetic, and a ginger + curcumin combination 
group. Diabetes was induced with a single intraperitoneal dose of streptozotocin. Rats received daily oral doses 
of ginger, curcumin or the combination of both. After sixteen weeks, rats were anesthetized and various tests 
were conducted to evaluate treatment outcomes. Results: The rats treated with combined ginger and curcumin 
extracts had superior outcome in terms of more antioxidant activity, better glycemia management and less DN-

-related kidney damage (reduced albuminuria and less histological changes). Conclusions: Our findings indicate 
that ginger and curcumin extracts have therapeutic potential in mitigating functional and structural alterations in 
the kidneys of diabetic rats, possibly due to their anti-diabetic and anti-inflammatory properties.
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Introduction 

Diabetes mellitus (DM), affecting 8.8% of people glob-
ally in 2017 and expected to rise to 9.9% by 2045 [1], often 
leads to diabetic nephropathy (DN) in 30-40% of individu-
als. DN is linked to improper glycemia management, glyco-
sylated proteins, and renal tissue abnormalities. Research-
ers emphasize the role of reactive oxygen species (ROS) and 
oxidative stress (OS) in DN pathophysiology [2-3]. Despite 
recent medical trials, addressing vascular issues and poor 
glucose control remains a challenge [4]. Early detection and 
understanding the complex interplay of metabolic factors 
are crucial to managing this chronic kidney disease [5].

Despite therapies with anti-hyperglycemic and renin- 
-angiotensin system blocking drugs, DN development per-
sists. Exploring new treatment options is essential. Studies 
investigating the potential benefits of nutritional antioxi-
dants in diabetes patients have been conducted. Addition-
ally, there’s a growing demand for herbal medications de-
rived from medicinal plants [6].

The ginger plant (Zingiber officinale Roscoe) belongs to 
the Zingiberaceae family, renowned for its medicinal signif-
icance and wide distribution. This family encompasses 53 
genera and over 1200 medicinal plants, primarily found in 
tropical regions with large rhizomes. Ginger is cultivated in 
Southeast Asia, Australia, Brazil, West Africa, and the Unit-
ed States [7-8]. Its chemical analysis reveals more than 400 
compounds, including phenolic and terpene compounds 
like gingerol, shogaol, and paradols, which contribute to its 
diverse biological activities. Ginger is widely used as a con-

 Abbreviations

•	 ALT – alanine aminotransferase 
•	 AST – aspartate aminotransferase
•	 AOA – anti-oxidant activity
•	 BUN – blood urea nitrogen 
•	 CAT – catalase 
•	 DAB – 3,3’-diaminobenzidine tetrachloride
•	 DM – diabetes mellitus
•	 DN – diabetic nephropathy 
•	 DPPH – 2,2-diphenyl-1-1picryhydrazyl 
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•	 IL-6 – interleukin- 6 
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•	 NF-κB – nuclear factor kappa B 
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diment in various cuisines around the world [9-10]. Ginger’s 
phytochemical composition underscores its health-en-
hancing properties [11]. It serves as an antioxidant, pro-
tecting the body from oxidative stress and DNA damage 
while counteracting free radicals [12]. Ginger’s therapeutic 
effect in managing diabetic complications is believed to 
involve reducing oxidative stress and inflammation, partly 
through inhibiting the NF-κB signaling pathway [13]. Stud-
ies indicate that ginger, containing compounds like Zerum-
bone, alleviates renal damage in diabetic rats. Thanks to its 
anti-inflammatory benefits, ginger can be helpful in condi-
tions such as gout, osteoarthritis and rheumatoid arthritis. 
Ginger’s functions include regulating blood glucose levels, 
pain relief, cardiac stimulation, antiemetic, antimicrobial, 
and antifungal actions [14]. Ginger exhibits protective ef-
fects on diabetic liver, kidney, eye, and nervous system 
complications. Numerous experiments confirm ginger ex-
tract’s ability to lower blood glucose levels in both diabetes 
types, demonstrating a dose-dependent pattern [15].

Curcumin, extracted from the rhizome of turmeric be-
longs to the Zingiberaceae family, grows predominantly 
in India, Southeast Asia and China. Curcumin is a  potent 
component in herbal medicine and is extensively studied 
for various health conditions [16]. Its primary compound, 
polyphenol curcumin, exhibits powerful anti-inflamma-
tory, antioxidant, and anticarcinogenic properties. In dia-
betes management, curcumin’s effectiveness lies in its in-
teraction with key molecules and pathways crucial in the 
disease’s progression. Studies show curcumin’s ability to 
alleviate insulin resistance, a factor in metabolic syndrome. 
Both ginger and curcumin contain antioxidants that acti-
vate redox-sensitive transcription factors, bolstering cellu-
lar antioxidant defenses [17-18]. Given the importance of 
dietary management in diabetes, interventions using nat-
ural substances like ginger and curcumin offer promising 
strategies to mitigate the renal complications of DM.

In this study we aimed to assess the impact of curcumin 
and ginger on kidney function, antioxidant activity (AOA) 
and lipid peroxidation in diabetic rats with DM induced by 
streptozotocin (STZ). We also explored the effects of ginger 
extract, curcumin extract, and their combination on treat-
ing DN in rat models with DM.

 Material and methods 

Chemicals and extraction

Acetonitrile and STZ were obtained from Sigma-Aldrich 
(St. Louis, USA). Superoxide dismutase was obtained from 
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Biodiagnostic Company, Egypt. The ginger and curcumin 
powders were obtained from the Imtenan Egypt Company. 
Methyl alcohol was obtained from El Nasr Pharmaceutical 
Chemicals Company in Egypt.

The ginger powder (500g) and curcumin powder (500 g)  
were soaked in pure methanol for 72 hours two times. 
Then, the extract was clarified, and the residue was re-
jected. Excess alcohol was eliminated from every extract 
using a  rotary evaporator at 50 °C and afterwards dried 
in a  freeze-dryer. The sticky extracts were collected and 
stored at -20 °C before the experiment [19].

Preliminary phytochemical investigation 
of the plants

The presence of carbohydrates was determined by the 
Molisch’s test [20]. A  few sodium hydroxide drops deter-
mined the presence of flavonoids according to the alkaline 
reagent test [21]. The presence of saponins was deter-
mined based on the presence of foam. The presence of 
tannins was tested using a 2% solution of FeCl3 [22]. Addi-
tionally, the presence of glycoside content was detected ac-
cording to the Wagner and Hager tests [23]. The reaction of 
Liebermann detected the presence of steroid content [24].  
The presence of terpenoids was determined according 
to Salkowski’s test (a  reddish-brown tint appeared upon 
contact) [25]. The total flavonoids in each plant extract 
were determined by spectrophotometric analysis us-
ing the reference substances quercetin and gallic acid,  
respectively [26].

Analysis of the plant extracts’ anti-oxi-
dant activity (AOA)

The obtained extracts’ ability to react with stable 
2,2-diphenyl-1-1picryhydrazyl (DPPH) free radicals (meas-
ured by using a spectrophotometer at wavelength 517 nm) 
was used to determine the extracts’ antioxidant activity 
(AOA) [27-28]. The total flavonoid content (extracted from 
ginger and curcumin) was calculated using a colorimetric 
assay. A freshly prepared extract (0.5 g) was put in a tube 
with 5 ml of methanol (80%) in this assay. The extracts were 
inverted and mixed after vertexing the tubes and letting 
them stand for 20 minutes. A clear micro-centrifuge tube 
was filled with 2 ml of each extract, and then the tubes un-
derwent a 5-minute, 4 °C, 12000 rpm centrifugation. The 
supernatant was analyzed within two weeks after being 
stored at -20 °C in a clear microcentrifuge tube. A combi-
nation of 600 μl of distilled water and 45 μl of NaNO2 was 
added with 150 μl of the methanol extract. After the incu-
bation of the solution at room temperature for 5 minutes, 
45 μl of AlCl3 (10%) was added, and the combination was 

then re-incubated for 1 minute. Finally, 300 μl of distilled 
water and 1M NaOH were added. In place of the extract, 
a  blank containing 80% aqueous methanol was used to 
calculate the absorbance at 510 nm. Using catechin as the 
standard, the concentration was calculated using a calibra-
tion curve. Catechin equivalents (CE) were expressed as mg 
of CE/g fresh weight [29].

Spectroscopic Investigation 

The ginger extracts were analyzed on a  high-perfor-
mance liquid chromatography (HPLC) instrument Agi-
lent1260 (Agilent Technologies, Santa Clara, USA). The se-
ries column used was the Agilent C18 column (4.6 mm x 250 
mm, i.e., 5μm). The mobile phase consisted of acetonitrile: 
5% Acetic Acid (50:50, v/v). The sample solvent was metha-
nol. The flow rate was set to 2 ml/min. The injection volume 
of the sample, which was dissolved in methanol, was 25 
μm. The column’s temperature was 25°C, the wavelength 
of detection was 280 nm, and the run was 20 min [30]. 
The curcumin extract was analyzed using the same HPLC in-
strument and mobile phase as the ginger extract. For each 
of the curcumin sample solutions, the injection volume of 
the sample dissolved in methanol in the column was 20 m. 
At 425 nm, the multiple wavelength detector was adjusted. 
Finally, the column was stored at 40 °C [30].

Experimental Animals

Fifty male Sprague Dawley rats weighing between 180 
and 200 g were selected. Before the experiment, the an-
imals were given a  week to get used to the lab environ-
ment in separate metal cages with five animals per cage. 
Clean and fresh water was made available at all times. 
Throughout the study, the nutritional status of the rats 
was monitored under standard environmental conditions 
(temperature 23-27 °C, 60% humidity). The animal experi-
ment in this study were performed in compliance with the 
guidelines of the Guide for the Care and Use of Laboratory 
Animals and approved by the Suez Canal University Animal 
Care Committee (REC 26/2022).

Induction of T1DM

In order to induce DM, a single intraperitoneal injection 
of 60 mg STZ dissolved in citrate buffer (pH 4.5) / kg body 
weight was given to 40 of the 50 rats [31]. The glycemia 
of all rats was measured in blood samples obtained from 
the tail vein 72 hours following an overnight fast. After that, 
blood sugar levels were checked every three days using 
a GlucoDr Super Sensor glucometer (OneTouch Technolo-
gy, All Medicus Co, Korea). The study comprised of 38 rats 



who developed DM (chronic hyperglycemia ≥ 250 mg/dl) 
one week after the STZ injection [32].

Experimental Design and Groups

The 50 rats were divided into 5 groups. The control 
group (n = 10) received 0.25 ml of citrate buffer (pH 4.5) 
intravenously. As mentioned above, 40 rats that were in-
jected with STZ and we subdivided them into 4 additional 
groups of 10 each: DM (not treated with any substance), 
DM-ginger (treated with 350 mg/kg/day of ginger extract), 
DM-curcumin (treated with 350 mg/kg/day of curcumin) 
and DM ginger + curcumin (treated with combination of 
both extracts). An intragastric tube was used to administer 
both extracts orally after dissolving in water. The conversion 
of drug dosages to human equivalent doses was used [33].  
Drug treatment began 8 weeks after the STZ injection and 
continued for additional 8 weeks, making the total study 
duration 16 weeks. At the end of week 16 of the exper-
iment, all the rats were sacrificed via cervical dislocation 
and tissue samples were obtained for analysis.

Urine Samples

Rats from each group were weighed every 2 weeks and 
kept apart in metabolic cages to enable 24-hour urine col-
lection. The rodents’ access to food and water remained 
unlimited. The total volume of urine output was measured. 
In addition, urine samples were collected every 24 hours, 
stored at -80 °C and were used to calculate the excretion of 
urinary albumin.

Biochemical estimation and evaluation

Glucose levels, liver function (alanine aminotrans-
ferase, ALT; aspartate aminotransferase, AST), and kidney 
function (blood urea nitrogen and creatinine) were exam-
ined in the serum. Albuminuria changed due to the experi-
ment’s measurement of the inflammation markers IL6 and 
malondialdehyde (MDA) and the antioxidants; superoxide 
dismutase (SOD), reduced glutathione (GSH), and catalase 
(CAT).

To determine the amount of glucose in blood samples, 
glucose kits (Engineering Chemistry for Lab Technology, 
BioMed-Glucose L. S., Badr City, Egypt) were used [34]. 
Creatinine levels were measured using kits (Diamond Diag-
nostics Company Hannover, Germany) [35]. Berthelot en-
zymatic colorimetric method was used to measure blood 
urea nitrogen (BUN) (Diamond Diagnostics Company, Han-
nover, Germany) [36].

Utilizing micro-albuminuria kits from ABC Diagnostic 
in New Damietta, Egypt, urine samples were collected in  

accordance with the manufacturer’s instructions to test 
urinary albumin excretion (μg/ml) [37]. Using methods that 
considered the urine volume (ml) in 24 hours, albuminuria 
was computed as g/24 hours. ALT and AST weremeasured 
using the kits (Cat. No. 264001 and 260001) from Spectrum 
Diagnostics Company was used to detect ALT in serum. Ad-
ditionally, AST was measured in serum according to the kit 
of aspartate aminotransferase from the Company of Spec-
trum Diagnostics (Cat. No. 260001). 

Inflammatory Markers and Kidney  
Anti-oxidant Parameters

The right kidney of all rats was taken and homogenized 
in phosphate buffer to test the mean OS parameters, MDA, 
GSH, CAT, SOD, and IL-6 levels using specialized kits follow-
ing the manufacturer’s instructions. The following kits were 
used: a rat IL-6 ELISA kit from Bioassay Technology Labora-
tory Company (Shanghai, China) and MDA, GSH, CAT, and 
SOD kits from the Bio-Diagnostic Company (Dokki, Giza, 
Egypt; MD2529, CA2517 and SD2521, respectively).

Histopathology and immunohistoche- 
mistry

Neutral buffered formalin (10%) was perfused into the 
left kidneys of all rats, which were then processed into 
5-mm paraffin sections for histological examination. He-
matoxylin and eosin (H & E), Masson, periodic acid-Schiff 
(PAS), and immunostaining renal sections against NF-κB 
were used to stain all kidney tissues [6]. NF-κB expres-
sion was assessed through the immunostaining of depa-
raffinized samples slides using polyclonal NF-κB antibody 
(sc-59103) from Santa Cruz Biotechnology Inc., CA, USA)  
diluted 1:50. 

Data analysis

After doing a  one-way analysis of variance (ANOVA), 
the parametric data presented as mean ± SD were exam-
ined using the post-hoc Scheffé test. The Kruskal-Wallis 
H, chi-square “χ2” or Fisher’s exact test were applied to 
examine quantitative data. P ≤ 0.05 served as the signifi- 
cance threshold.

    Results 

Ginger and curcumin extract contained the highest 
phytochemical content and AOA (Table 1). The two Zingib-
eraceae plant species were examined phytochemically to 
identify seven naturally occurring classes (carbohydrates, 
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saponins, glycosides, tannins, alkaloids, flavonoids, and 
steroids). It was found that ginger extract had a significant 
amount of phenolic (flavonoids). The high glycoside con-
tent was recorded in curcumin. The high saponins content 
was recorded in ginger. The high carbohydrate content was 
recorded in ginger. Furthermore, the high terpene content 
was recorded in curcumin extract. The highly alkaloid con-
tent was recorded in curcumin extract. 

DPPH scavenging activity

Each extract underwent quantitative analysis to esti-
mate the outcomes of the analysis of scavenging activity 
(2, 2-diphenyl-1-1picryhydrazyl, DPPH). It was found that 
the scavenging activity of ginger was more than that of cur-
cumin (Table 2). 

Total Flavonoids Contents

Each extract underwent quantitative analysis to deter-
mine its estimated total flavonoid concentration. The gin-
ger extract had a greater total flavonoid content than the 
curcumin extract (Table 2).

HPLC Results

HPLC chromatogram results of ginger extract interpre-
tation are shown in (Table 3, Figure 1). The peak identifi-
cation of the ginger extract component depends on re-
tention time, peak area, and height of the ginger extract 
compared with the standard. It was found that the detailed 
levels 6-gingerol was more abundant than 6-shogaol,  
10-gingerol, and 8-gingerol. The lowest peak was 
10-shogaol and 8-shogaol.

The sample performed in HPLC triplicate resulted in 
the identification of the curcumin extract. By dividing the 
overall area of peaks, which included the primary curcumin 
peak, demethoxycurcumin, and at least bisdemethoxycur-
cumin, one can determine the standard or curcumin ex-
tract ratio. By dividing the standard’s ratio by the standard’s 
ratio times the standard’s potency, the amount of curcum-
in in curcumin extract was estimated (Table 4; Figures 2a  
and 2b).

Characterization of STZ-induced diabetes

 Based on their fasting blood glucose levels, 96% of 
the rats developed DM one week following the STZ injec-

Plant/
test

Carbo- 
hydrates Saponins Flavonoid Glycosides Steroids Alkaloids Tannins Terpenes

Curcumin +++ - + ++ - ++ ++ +++

Ginger ++ +++ +++ - - + + +

Table 1. Phytochemistry of plant extracts 

The signs (-) and (+) denote a negative test, (+) a weakly positive test, (++) a moderately positive test, and (+++) a strongly positive test, 
respectively.

Peak name RT Area % Area Height Amount Units

6-gingerol 2.386 7655845 51.64 2009871 957.578 ppm

8-gingerol 3.635 1494096 10.08 270289 181.579 ppm

6-shogaol 4.245 2534128 17.09 430806 266.302 ppm

10-gingerol 6.120 2184887 14.74 259930 333.790 ppm

8-shogaol 7.354 487584 3.29 50571 71.738 ppm

10-shogaol 12.289 469197 3.16 79936 76.559 ppm

Table 3. HPLC analysis of the ginger extract

Plant Part Total flavonoid content (mg/g dry wt.) DPPH (1%)

Curcumin roots 175.667 89.632%

Ginger roots 186.800 95.789%

Table 2. Total flavonoid contents and DPPH scavenging activity
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tion. Before the 16 week-long observation was completed, 
rats with DM who received no treatment had a mortality 
rate of 30% (n = 3). The same mortality rate was observed 
in the curcumin group (30 %, n = 3), whereas in the gin-
ger group it was 20% (n = 2). No mortality was noted in  
the control group.

Glycemia, kidney function and liver func-
tion

We noted a  significantly increased glycemia in the 
control group and the untreated diabetic group (p < 0.05). 
In contrast, glycemia was significantly lower after treatment 
with the extracts of ginger, curcumin or their combination 
(p < 0.05) (Table 5). It was found that there was a more sig-
nificant increase in renal function parameters (creatinine 
and blood urea nitrogen) in the control group and untreated 
diabetic group (p < 0.05). However, there were significant-
ly lower levels of creatinine and blood urea nitrogen) after 
treatment with either of the extracts or their combination  
(p < 0.05). Combining ginger and curcumin extracts 
achieved reduced blood urea nitrogen and creatinine lev-
els (p < 0.05) (Table 5). There was a highly significant in-
crease in liver function parameters (ALT, AST and albumin 
levels) in the untreated diabetic group compared to the 
control group (p < 0.05). After the treatment of the dia-
betic group with ginger extract, curcumin extract, or their 
combination. (ALT, AST, and albumin levels) decreased 
significantly (p < 0.05), with a  more pronounced decline 
in the group treated with combined ginger and curcumin  
(p < 0.05) (Table 5).

Figure 1. HPLC chromatogram of the ginger extract

Body weight, kidney weight to body 
weight, IL-6, OS parameters and AOA

The treated groups’ mean body weight increased after 
the treatment (p < 0.05). In the treated groups compared 
to the STZ-diabetic group, the mean kidney weight and the 
renal weight to body weight ratio decreased (p < 0.05), and 
OS and inflammation markers decreased (p < 0.05) after 
extract treatment compared to STZ diabetics that were not 
treated. Additionally, anti-oxidant levels were significantly 
higher (p < 0.05) in the treated groups (Table 6). The ra-
tio of kidney weight to body weight significantly decreased 
following treatment with the extracts (p < 0.05) after treat-
ment with ginger and curcumin extract. It was noted that 
the treatment using extracts of ginger and curcumin to-
gether reduced the kidney weight relative to body weight 
(p < 0.05) (Table 6).

Following treatment with ginger and curcumin extract, 
there was a significant (p < 0.05) decrease in IL6 and MDA. 
The treatment with combined ginger and curcumin ex-
tracts was produced a more significant reduction in IL6 and 
MDA levels (p < 0.05) (Table 6).

There was a  significant decrease in glutathione, cat-
alase and SOD levels in the control group compared to 
the untreated diabetic group (p < 0.05). In contrast, the 
levels of these antioxidants significantly increased after 
treatment with the extracts (p < 0.05), with greater in-
crease more following treatment with combined extracts  
(p < 0.05) (Table 6).
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Peak name RT Type Width Area % Area

Standard curcumin 4.7 BB 0.181 1197.24 100%

Bisdemethoxycurcumin 3.7  BV 0.1724 413.2 19.864%

Demethoxycurcumin 4.23 VV 0.1763 533.2 25.63%

Curcumin 4.77 MM 0.1978 1133.9 54.505%

Table 4. HPLC analysis of the curcumin extract

Figure 2a. HPLC chromatogram of a standard (Curcumin)

Figure 2b. HPLC chromatogram of Curcumin extract
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Albuminuria 

There were variations in albuminuria (mg/24 h) in all 
the groups of rats we observed. The rats treated with gin-
ger, curcumin or a combination of the two extracts all had 
a significant increase in 24-hour urine volume and protein 
excretion. Starting from the 10th week of treatment, al-
buminuria decreased in the groups receiving the extracts, 
with the best effect in rats treated with a combination of 
ginger and curcumin extracts (p < 0.05) (Table 7). 

Histopathology

The kidney sections obtained from the control group 
revealed no collagen accumulation, interstitial tissue or 
abnormal glycogen (Figures 3-B, 3-C, and 3-D). Conversely, 
sections of kidney samples from DM rats sections displayed 
significant blue collagen (Figure 3-H) and tubular dilation 
with glycogen buildup (blue arrows). Kidney sections ob-
tained from rats treated with ginger contained glyco-
gen-free areas, reduced collagen (blue arrows), and milder 

Table 5. Blood glucose levels, kidney function and liver function tests

The post-hoc Scheffé test (p < 0.05) was employed after one-way ANOVA was used to analyze the mean and standard deviation of the data. 
As a result, a < 0.05 p-value indicates that having numerous letters in the same column is significant.

Table 6. IL-6, OS parameters, AOA, body weight and kidney weight

Parameters Control DM 
untreated DM ginger DM 

curcumin
DM ginger + 

curcumin P-value

BW (g) 243 ± 9.19a 139.6 ± 7.67b 226.1 ± 4.42ac 202.1 ± 8.63c 245.3 ± 35.08a 0.0001***

KW (g)/
BW (g) 4.664 ± 0.31a 8.026 ± 0.66b 6.069 ± 0.16c 6.683 ± 0.09d 5.882 ± 0.09c 0.0001***

SOD (u/g) 719 ± 2.69a 424.1 ± 4.52b 521.1 ± 3.57c 440.2 ± 5.62d 729.2 ± 8.057e 0.0001***

MDA 
(nmol/g) 106.5 ± 1.35a 328.9 ± 6.81b 134.5 ± 3.08c 212.9 ± 4.10d 125.2 ± 3.002e 0.0001***

CAT (u/g) 3.584 ± 0.08ad 1.221 ± 0.23b 3.223 ± 0.29a 2.72 ± 0.12c 3.913 ± 0.27d 0.0001***

GSH 
(mg/g) 21.82 ± 4.10a 10.2 ± 2.24b 21.08 ± 1.9a 21.82 ± 2.62a 24.76 ± 2.12a 0.0001***

IL6  
(Pgm/ml) 21.64 ± 3.52a 111.5 ± 9.23b 60.27 ± 7.84c 56.29 ± 12.9c 36.92 ± 4.1d 0.0001***

BW - body weight, KW - kidney weight  
The mean +SD data were analyzed using one-way ANOVA, and the post-hoc Scheffé test was run (p < 0.05). This means various letters in the 
same column are significant at p < 0.05.

Control DM untreated DM ginger DM curcumin DM ginger + 
curcumin P-value

Creatinine
(mg/dl) 0.764 ± 0.06a 2.171 ± 0.30b 0.9438 ± 0.13ac 1.104 ± 0.08c 0.9486 ± 0.10ac 0.0001 ***

Urea
(mg/dl) 28.4 ± 6.50a 75.75 ± 7.88b 39.25 ± 5.8c 40.96 ± 3.85c 32.14 ± 4.48ac 0.0001 ***

ALB
(g/dl) 4.068 ± 0.09a 3.413 ± 0.38b 3.995 ± 0.28a 4.013 ± 0.31a 4.11 ± 0.19a 0.0002 ***

ALT
(U/l) 29 ± 2.55ac 50.76 ± 4.505b 33.81 ± 5.7ac 35 ± 7.95a 25.47 ± 2.55c 0.0001 ***

AST
(U/l) 23.6 ± 3.97ac 47.94 ± 6.78b 29.88 ± 4.35ac 33.14 ± 9.28a 23.15 ± 4.52c 0.0001 ***

Glucose
(mg/dl) 104.8 ± 15.22a 451.9 ± 30.48b 107.5 ± 11.1a 119.1 ± 31.41a 93.14 ± 11.62a 0.0001 ***
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tubular changes (Figure 3-L, 3-J, and 3-G). Kidney samples 
from curcumin-treated rats revealed reduced collagen and 
showed minimal tissue changes (Figure 3-N and 3-O). Final-
ly, sections of kindeys of rats treated with combined ginger 
and curcumin extracts displayed no collagen, minimal tis-
sue, and no glycogen deposition (Figure 3-R, 3-S, and 3-T).

Immunohistochemistry

Microscopic views of immunostained renal sections 
against NF-κB in the control group showed negative ex-
pression, according to IHC counterstained with Mayer’s 
hematoxylin (Figure 3-A). The diabetic group’s brown tubu-
lar expression was positive in microscopic images of immu-
nostained renal sections against NF-κB (Figure 3-E): A very 
slight positive reaction was seen in the diabetic group 
treated with ginger in comparison to the curcumin-treated 

diabetic group in microscopic images of immunostained re-
nal sections against NF-κB (Figure 3-M) (Figure 3- I). In the 
group treated with combined extracts, brown tubular ex-
pression (blue arrows) and negative expression are shown 
(Figure 3-Q)

    Discussion

Insulin deficiency leads to persistent hyperglycemia 
and metabolic imbalances, making diabetes challenging 
to treat [38]. Diabetic nephropathy (DN) is a major cause 
of renal failure, affecting 15-25% of T1DM and 30-40% of 
T2DM patients [39]. STZ-induced diabetes mimics these 
conditions. In our study, prolonged hyperglycemia led to 
DN, evident in decreased antioxidant levels, intense ROS 
production, reduced kidney function and abnormal renal 
histology [40-41]. These findings emphasize the link be-

Table 7. Changes in albuminuria during the study

Albuminuria (mg / 24 hours) changes during the 16 weeks (W) of the experiment data are expressed as mean ± SD. An increase in 24-hour 
urine volume and an increase in urine protein excretion were seen in the diabetic control group. However, when diabetic rats were given 
the extract, they all decreased (p < 0.05).

Control DM untreated DM ginger DM curcumin DM ginger +
curcumin P value

W0 179.8 ± 7.94 174.4 ± 4.44 175.2 ± 9.44 175.2 ± 6.41 173.2 ± 2.86 0.65 NS

W2 196.94 ± 7.835 504.8 ± 6.37 486.4 ± 14.32 496.2 ± 11.60 479 ± 12.26 0.0001 
***

W4 215.66 ± 6.97 760.16 ± 4.70 776.6 ± 14.31 775 ± 19.46 780.6 ± 14.8 0.001 
***

W6 237.5 ± 6.96 996.16 ± 4.70 991.2 ± 10.77 996.2 ± 6.76 954.4 ± 62.2 0.0001 
***

W8 260.966 ± 6.85 1402.106 ± 8.55 1391 ± 5.43 1397.6 ± 3.91 1396.2 ± 6.90 0.001 
***

W10 284.66 ± 6.33 1795.288 ± 25.42 1490.8 ± 5.26 1491.2 ± 8.84 1488 ± 12.56 0.001 
***

W12 307.46 ± 7.91 2224.976 ± 70.51 1558 ± 14.94 1563.2 ± 15.69 1567 ± 19.68 0.0001 
***

W14 364.466 ± 7.74 2501.2 ± 9.52 1323 ± 16.38 1326.4 ± 17.31 1307 ± 14.43 0.0001 
***

W16 398.466 ± 8.47 2859.6 ± 25.97 918.2 ± 27.44 923.2 ± 27.84 874.4 ± 43.8 0.0001 
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tween sustained hyperglycemia, oxidative stress and DN 
progression.

The basis for the DM model in our study was the chemo-
therapy drug STZ, which damages pancreatic cells and re-
duces insulin production leading to chronic hyperglycemia 

Figure 3. Histopathological and immunohistochemical assessments

[42]. This study demonstrated how persistent hyperglyce-
mia encouraged energy imbalances with strong lipolysis 
through increased feed intake and weight loss in animals 
[42-43]. Polydipsia, polyuria and decreased GFR were seen 
as a  result of STZ’s involvement in the hemodynamic al-
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terations brought on by glomerular hyperfiltration [43]. 
Because systemic hyperglycemia negatively affects glomer-
ular filtration, which leads to an excessive buildup of intra-
cellular glucose, endothelial cells cannot manage glucose 
transport through the plasma membrane. The high intra-
cellular glucose levels encourage manufacturing cytokines 
e.g. transforming and vascular endothelial growth factors. 
Through vasodilating prostanoids and nitric oxide, these 
substances cause macrovascular endothelial lesions and 
increase glomerular permeability. Additionally, these mac-
romolecules change the hemodynamics of the glomerulus, 
intensifying vasodilation of the afferent arteriole compared 
to the efferent one. Glomerular hyperfiltration results from 
a final representation of artery imbalance [43-45]. An on-
going rise in hydrostatic pressure (intraglomerular pressure 
that forces fluid through capillaries while albumin is lost into 
the ultra-filtrate) is a sign of changes caused by glomerular 
dysfunction [44, 46]. Proteoglycans and collagen IV, which 
are in charge of thickening the basal glomerular membrane 
and altering the negative charge of the podocytes, are two 
molecules synthesized and catabolized during glomerular 
dysfunction. Protein loss in the urine and glomerulosclero-
sis with a reduced GFR are signs of glomerular dysfunction 
[46-47]. In our study, the characteristics of renal lesions 
linked to macrovascular changes of diabetic nephropathy 
were validated in animals that had undergone nephrec-
tomy, demonstrated by the increased kidney and relative 
weight (kidney weight/body weight). The chronic hypergly-
cemia affected the glomerular basal membrane’s structure. 
It promoted extracellular matrix growth in the mesangial 
area, which resulted in tubular area hyperplasia and hy-
pertrophy [47]. The progression of kidney disease was has-
tened in diabetic animals that received left nephrectomy in 
this investigation using the STZ-induced DM model in rats. 
The signs of DN included increased urine albumin excretion 
and impaired renal function (elevation in plasma creatinine 
concentration and reduced GFR). 

The main factor thought to contribute most significant-
ly to intracellular ROS generation is chronic hyperglyce-
mia. Significant amounts of glucose are transferred inside 
the glomerular endothelium, mesangial cells and tubular 
epithelium cells because some cells cannot maintain in-
tracellular glucose homeostasis, thus speeding up glyco-
lysis and releasing an excessive quantity of ROS [45, 48].  
In addition to being mediated by hydrogen peroxide 
(H2O2), unattached iron, and the creation of additional 
free radicals such OH- and peroxynitrite, an oxidative lesion 
cascade is initiated by a chain reaction that breaks down 
lipids, proteins and nucleic acids by creating the (ONOO-) 
O2. radical [45, 49]. The elevated levels of urine peroxides 
and thiobarbituric acid reactive substances (TBARS) in dia-
betic rats served as additional evidence of the importance 

of ROS in the experimental model of DN. H2O2 is an ex-
tremely effective membrane-crosser and when its level is 
too high, it emits OH and TBARS are excreted in the urine, 
a clear sign of lipid peroxidation caused by unbound iron 
[48-49]. Due to changes in mitochondrial permeability, 
aberrant ATP synthesis, unbalanced intracellular calcium 
levels and other ROS-mediated disorders, the mitochon-
drial area was particularly vulnerable to cell death through 
necrosis and apoptosis [50]. Excessive ROS triggered the 
activation of numerous antioxidant mechanisms, including 
enzymatic systems and free radical scavengers. The anti-ox-
idant enzymes (e.g. reduced glutathione (GSH), catalase 
(CAT)) converted H2O2 into water [45, 48]. The unbalanced 
antioxidant enzymes utilized in hyperglycemia were SOD, 
GSH and CAT [45]. Thiol levels dropped in diabetic rats af-
ter nephrectomy, suggesting that the antioxidant enzyme 
is active. Much research supported the role of ROS in the 
diabetic nephropathy lesion mechanism. An in vivo investi-
gation using mesangial cells exposed to high glucose con-
centrations demonstrated significant ROS production [51], 
using ginger and curcumin to treat diabetic nephropathy. 
Ginger and curcumin are two well-known functional foods 
from the Zingiberaceae family that have anti-inflammatory 
qualities [52-53]. Ginger is known for its anti-inflammatory 
properties attributed to its phenolic compounds, which in-
clude 6-gingerol (6-g) [54] and 6-shogaol (6-s) [55] as these 
are the main compounds involved in decreasing the main 
proinflammatory mediators, e.g., IL-6 and TNF [53]. Short 
pre-clinical and clinical studies on turmeric’s anti-inflam-
matory effects were conducted [56-59]. 

In our study, we found that STZ diabetic rats had higher 
MDA levels, indicating increased production of free radicals 
and related lipid peroxidation. However, administering the 
ginger, curcumin or a combination of both extracts to di-
abetic rats significantly decreased the MDA level. Accord-
ingly, we hypothesized that administering ginger extract, 
curcumin extract, or a  combination of them for diabetic 
rats would reduce the generation of free radicals and the 
peroxidation of lipids, thereby preventing oxidative dam-
age to cellular structures. Our results also showed that 
those extracts could increase the intracellular activity of 
SOD, CAT and GSH enzymes. In contrast, the activity of the 
above-mentioned enzymes all dramatically decreased in 
the diabetic rats not receiving treatment. This might high-
light a weak antioxidant defense against damage caused by 
free radicals. We hypothesize that treatment with extracts 
reduced OS by scavenging free radicals and/or enhanc-
ing endogenous antioxidant activities, thereby improv-
ing diabetic condition, reducing inflammatory state and 
advancing the treatment of kidney functions and tissue. 
One treatment method for challenging diseases involving 
inflammation is combination therapy with a  synergistic 
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approach [60]. In particular, the mechanical anti-inflam-
matory effects of ginger and curcumin share numerous 
molecular targets and signaling pathways, including Nrf2 
activation [53, 61-63]. Despite research into the specific 
anti-inflammatory properties of ginger and curcumin, their 
usage is not widespread [53, 57-59]. In our study, the rats 
treated with combined ginger and curcumin extracts had 
superior outcome in terms of better glycemia management 
and less DN-related kidney damage. 

   Conclusions 

Our results demonstrated the anti-inflammatory and 
the antioxidant effects of ginger and curcumin extracts, 
administred individually or in combination. Our data have 
also shown that ginger and curcumin extracts helped man-
age STZ-induced diabetic nephropathy and oxidative stress 
via significant suppression of the NF-κB gene expression. 
These extracts possess anti-inflammatory potential by sup-
pressing inflammatory cytokines and modulators through 
the suppression of redox-based NF-κB activation. 
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Abstract 

Background: ST segment deviation is common in patients with narrow QRS complex tachycardia. It mainly con-
cerns young people in whom ischemic background is unlikely. In our work we would also like to propose another 
potential mechanism – the overlapping of individual components of the QRS complex. Material and methods: 
The study included 11 patients (7 women and 4 men) with paroxysmal narrow QRS complex tachycardia. An elec-
trophysiological study was performed in all patients, the diagnosis of atrioventricular reentrant tachycardia was 
established and finally successful RF ablation was done. We measured the individual components of QRS QR, RS 
and RJ during sinus rhythm and during tachycardia. Results: The difference RJ-QR during tachycardia correlated 
negatively with tachycardia cycle length T(r = -0.85, p = 0.000831 ). We also showed a significant difference be-
tween the amplitude of the RJ segment in tachycardia and during sinus rhythm (p = 0.005), at the same time we 
showed no differences between the amplitude of QR and RS. Conclusions: We showed a statistically significant 
difference in ST segment depression in correlation with the rate of tachycardia in patients with AVRT resulting 
mainly from the overlapping of individual components of the QRS complex.
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    Introduction

 ST segment changes are mainly associated with coronary 
artery disease (CAD). However, in supraventricular tachycar-
dias (SVTs) ST segment changes are common and may affect 
to 50-60% of patients with atrioventricular nodal reentry 
tachycardia (AVNRT) and atrioventricular reentrant tachycar-
dia (AVRT) [1]. In patients with AVNRT or AVRT, the change 
in the ST segment on the electrocardiogram (ECG) most of-
ten takes the form of downward oblique deviation [2]. Vast 
majority of these patients are healthy, young people in whom 
cardiac ischemia is unlikely [3]. The ST segment changes dur-
ing episodes of SVT has been discussed many times, but none 
of these studies demonstrated a clear mechanism responsible 
for the ST segment deviations [4-5]. In this paper, we discuss 
the potential explanation of ST segment changes in AVRT. We 
also propose another potential mechanism – the overlapping 
of individual components of the QRS-T complex resulting in 
a change in the baseline reference point and a measurement 
artifact in the form of ST segment depression.

    Materials and methods 

11 patients (7 women and 4 men) took part in the study, 
their average age was about 28 years. All patients underwent 
an electrophysiological study (EPS), during which the diagno-
sis of AVRT was made, followed by successful radiofrequency 
ablation of the accessory pathway was performed. Detailed 
demographic, clinical, and laboratory data are described in 
Table 1.

We assessed the ECG analogously to our earlier work on 
AVNRT [6-7]. Figure 1 shows how the individual components 
of the QRS complex were measured. Due to the best visibility 
of the R wave, lead V5 was used for all measurements.

The statistical analysis was performed using the comput-
er program Statistica v. 13.3 (StatSoft Inc., Tulsa, USA). The 
Shapiro-Wilk W test was used to calculate normality of dis-
tribution, we used the Wilcoxon test for dependent groups 
for comparisons, and the Spearman’s test for correlation. The 
study was approved by the local Bioethical Committee at Wro-
claw Medical University number KB – 213/2020. 

Abbreviations tion

•	 AV – atrioventricular 
•	 AVNRT – atrioventricular nodal reentry tachycardia 
•	 AVRT – atrioventricular reentrant tachycardia
•	 ECG – electrocardiogram 
•	 EPS – electrophysiological study

    Results 

ECG parameters are presented in Table 2 and Figure 2. 
We noted a significant difference between the amplitude of 
the RJ segment in tachycardia and during sinus rhythm (p = 
0.005). At the same time we found no differences between 
the amplitude of QR and RS. 

Figure 1. Individual components of the QRS complex
QR segment – the distance between the bottom of the Q wave and 
the peak of the R wave, RS segment – the distance between the 
peak of the R wave and the bottom of the S wave, RJ segment – the 
segment between the peak of the R wave and the J point

Table 1. Clinical characteristics of studied patients

Total

N = 11

Mean age (years) 28.06 ± 10.16

Male/female 4/7

Comorbidities: _

HT 1 (9.1%)

DM 0 (0%)

IHD 0 (0%)

CKD 0 (0%)

Laboratory _
Hemoglobin (mmol/L) 13.57 ± 1,20

K+ (mmol/L) 4.21 ± 0.40

Glucose (mg/dL) 95.04 ± 12.3

Creatinine (mg/dL) 0.7 ± 0.10

TSH (mU/L) 1.75 ± 1.20

HT – arterial hypertension, DM – diabetes mellitus, CKD – chronic 
kidney disease, IHD – ischemic heart disease, HF – heart failure
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We also showed a  significant negative correlation be-
tween the tachycardia cycle length and the RJ-QR difference – 
the faster the arrhythmia, the greater the ST segment denive-
lation (r = -0.85, p = 0.000831). During sinus rhythm, there 
were no significant changes in RJ-QR difference. 

A graphical representation of the above-mentioned rela-
tionships is shown in Figure 3. 

In the graph on the left there is a strong dependence of 
RJ-QR on tachycardia, while during sinus rhythm (graph on the 
right) this relationship is not statistically significant (although 
its values are close to the level of statistical significance).

Figure 2. QR and RJ measurements during tachycardia (left panel) and during sinus rhythm (right panel)

Table 2. The basic electrocardiographic parameters measurements in sinus rhythm and tachycardia with according differences and stati-
stical test results 

Table 3. The correlation of RJ-QR in tachycardia and sinus rhythm with tachycardia cycle length

NSR – normal sinus rhythm

QR(mV) RS(mV) RJ(mV) RJ – QR(mV) Cycle length (ms)

Tachycardia 1.103 +/- 0.400 1.213 +/- 0.433 1.147 +/- 0.393 0.033 +/- 0.091 329.50 +/- 37.56

Sinus Rhytm 1.065 +/- 0.469 1.189+/- 0.434 1.064 +/- 0.440 0.010 +/- 0.073 739.55 +/- 179.5

Difference 0.038 0.024 0.083 0.023 —

P 0.575 0.114 0.005 0.207 —

Parameters
Heart rate in tachycardia

Spearman correlation rank

|RJ-QR| Tachycardia r = -0,85, p = 0,000831*

|RJ-QR| Sinus Rhythm r = -0,50, p = 0,074

    Discussion

In patients with AVRT, there is a phenomenon of ST seg-
ment depression. Because this tachycardia affects mainly 
young people in whom ischemic etiology is unlikely, the most 
probable cause is a measurement artefact – the overlapping 

of individual components of the QRS complex and elevation 
of the baseline, a retrograde P wave or QRS alternans [1]. 

ST segment depression during SVT is well-documented 
in the literature [4-5]. These changes usually resolve when 
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sinus rhythm is restored, although it has been reported that 
ST-segment depression may persist and is not associated with 
CAD-related myocardial damage [3].

Dorenkamp et al. concluded that there is no correlation 
between the presence of CAD and ST segment depression in 
ECG of patients with paroxysmal SVT [1]. The same percent-
age of people with ST segment depression was observed both 
among patients with significant narrowing in the coronary 
vessels and in patients with normal coronary angiography re-
sults.

In our study, we demonstrated a positive correlation be-
tween ST segment depression and arrhythmia rate. The short-
er the arrhythmia cycle, the greater the overlap of the T wave 
of the previous QRS complex with the next QRS complex, 
which causes a rise the baseline and may give the impression 
of ST segment depression. We proposed a similar explanation 
for the AVNRT in another article [6].

During fast AVRT, in some patients there is an QRS al-
ternans. Due to the dynamic change in the amplitude of all 
components of the QRS complex (QR, RS, RJ) from beat to 
beat, there is a change in the baseline, which may look like 
a depression of the ST segment. The QRS alternans in AVRT 
has not been explained, some studies suggest intraventricular 
conduction disturbances as the cause of this phenomenon [6].  
In our study, unfortunately, we did not have patients with QRS 
alternans during orthodromic tachycardia.

A retrograde P wave occurs during AVRT. In orthodromic 
AVRT, the interval between the QRS complex and the retro-
grade P wave should be at least 70 ms, depending on the elec-
trophysiological properties of the accessory pathway and the 
location between pathway and AV node [7]. For this reason, 
the retrograde P wave is projected onto the ST segment or the 
T wave. This may cause ST segment depression, which looks 
like its denivelations, likewise to myocardial ischemia. Riviera 
et al reached similar conclusions [8].

When considering the spatiotemporal relationships of 
retrograde atrial activation during AVRT, the possible loca-
tions of accessory pathways should be considered [9]. Viewed 
from the V5 lead, the left-sided accessory pathways generate 
retrograde P waves that will be negative, inducing a lowering 
of the J point and ST-segment in this lead. Right lateral path-
ways cause opposite changes inducing the relative elevation 
of the J point and the ST segment of the electrocardiogram 
in lead V5. Septal tracts induce similar changes, as activation 
of the left atrium electrically prevails over activation of the 
right atrium, but in this location the retrograde P wave is ex-
ceptionally short, which means that, depending on the speed 
of retrograde conduction, the change in a  targeted manner 
may influence the J point or a fragment of the ST segment. 
Posterior pathways, depending on the location, can affect the 
described phenomenon in different ways. Therefore, in the 
case of our results, obtained in a relatively small study group, 
the relationships described do not have to be unambiguous. 
A  probabilistic conclusion may be that the relationship de-
scribed earlier is true, modified only by the influence of the 
retrograde P wave depending on the location of the accessory 
pathway [10-11].

Limitations 

This is a single-center study conducted in a small group of 
patients. Because AVRT is a rare arrhythmia, there are signif-
icant difficulties in gathering a larger group of patients. None 
of the patients had coronary angiography performed to com-
pletely exclude the ischemic cause of ST segment changes. In 
addition, there was no exercise test performed and no pac-
ing with the arrhythmia rate during the EPS to reproduce the 
baseline conditions during arrhythmia.

Figure 3. A graphical representation of the above-mentioned dependencies: RJ-QR (mV) during tachycardia (ms) (left panel) and during 
sinus rhythm (ms) (right panel)

RJ-QR Sinus RhythmRJ-QR Tachycardia
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    Conclusions

The cause of ST-T segment changes during AVRT remains 
unexplained. In this paper we propose a fairly simple but im-
portant explanation. The concept of ST segment change as 
a measurement artifact resulting from the overlapping of in-
dividual components of the QRS-T complex in AVRT has not 
been described in the literature so far. More research is need-
ed to confirm this concept and to search for other potential 
mechanisms.
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Abstract 

Background: At the beginning of COVID-19 pandemic authors in several countries reported the possibility of 
predicting disease outbreaks using internet analysis and search tools like GoogleTrends™. Our aim was to investi-
gate the impact of changes in COVID-19 symptomatology and pandemic intensity on those predictions. Material 
and methods: GoogleTrends™ was utilized to track online searches for COVID-19 symptoms in Poland during 
two years of the pandemic. Search volumes were then assessed for correlation with daily cases in each wave of 
infection separately. Results: The symptoms that correlated strongly with new cases were anosmia and ageusia 
(Spearman’s rho = 0.5230 and rho = 0.4483 respectively, p < 0.01). Searches for these symptoms preceded an out-
break by 12 days during the first wave of infections, but this gap was later shortened to five days. The frequency 
of searching for these symptoms markedly diminished during the last phase and was no longer adequate. Stron-
ger correlations were then shown for fever, sore throat, and headache. Conclusions: In conclusion, COVID-19 
case prediction using GoogleTrends™ did not remain possible later on in the pandemic course. However, notice-
able changes reflecting novel features of emerging SARS-CoV-2 variants were observed. Therefore, monitoring 
symptom changes and virus evolution might be a promising application of internet search analysis in the future.
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    Introduction

As an emerging field of science, infodemiology aims to 
analyze internet data in order to uncover useful informa-
tion about public health [1]. Before the era of the Severe 
Acute Respiratory Syndrome Virus 2 (SARS-CoV-2) pandem-
ic, infodemiology was predominantly involved in the fields 
of infectious diseases and mental health [2]. Implementa-
tion of novel techniques for the surveillance of contagious 
diseases seems extremely advantageous nowadays and 
such an approach is called infoveillance [3]. Recently, in-
vestigations early in the pandemic demonstrated the pos-
sibility of recognizing new Coronavirus Disease 2019 (COV-
ID-19) symptoms [4] and pointed toward the possibility of 
monitoring the pandemic using the Google Trends™ (GT) 
web tool [5-6]. This method enables the monitoring of an-
onymized internet users’ searches related to various public 
health issues. Searching for any selected term is divided by 
number of all searches in the area and presented as a rel-
ative number with its temporal variation [7]. Early escala-
tion in those values, representing increased public interest 
in COVID-19-related topics was considered an early sign 
of a  forthcoming outbreak [5]. However, the major part 
of these data are from the initial period of the pandemic, 
within the first year since the global outbreak [8]. There-
fore, the aim of our study was to investigate whether this 
internet tool can still be useful, despite substantial changes 
of pandemic course and the evolution of the SARS-CoV-2 
virus itself. 

    Methods

GT data are presented as a relative search volume (RSV) 
– a number from 0 to 100 representing the relative intensity 
of searching [1]. Absolute numbers of searches are not avail-
able, while RSVs are a fraction of selected phrase searching 
in all the searches recorded in the particular region. In GT 
one phrase could be searched as a topic (group of similar 
terms and translations predefined by the platform oper-
ator) or a term (an exact word or combination of words). 

Relative search volumes have been acquired for 4 topics 
(“Coronavirus”, “Coronavirus disease 2019”, “COVID-19 
testing”, “COVID-19 vaccine”) and 13 search terms describ-
ing the symptoms (fever, cough, dyspnea, fatigue, muscle 
aches, headache, loss of smell (anosmia), loss of taste (age-
usia), sore throat, nasal congestion, rhinorrhea, nausea, di-
arrhea). All phrases were searched in the Polish language, 
the area of interest was set to Poland and “all categories” 
were selected. The interval in which the data are shown de-
pends on the selected period of observation [1]. Therefore, 
to cover the 2 years of the pandemic in daily intervals, the 
extraction of data was divided into four periods (01.03 – 
30.09.2020; 01.10.2020 – 30.04.2021; 01.05 – 30.11.2021; 
01.12.2021 – 30.06.2022). One term was checked in each 
query for all four periods, which provided proportional 
values for comparison between periods, but not between 
terms. We followed the guidelines for reporting GT medical 
research [2]. Numbers of new cases, number of SARS-CoV-2 
tests conducted and vaccination numbers were obtained 
from the ‘Our World in Data’ database, which contains data 
from the official government reports [9].

For analysis, the data was further divided into five peri-
ods, one for each “wave” of SARS-CoV-2 infection reported 
in Poland. We adopted the following numeration: wave “0” 
for the initial period of the COVID-19 pandemic in Poland 
(when the number of cases remained relatively low) and 
consecutive numbers for the major peaks of infection rates. 
The specific timeframes were: 01.03.2020 – 31.05.2020,  
01.10.2020 – 31.01.2021, 01.02.2021 – 31.05.2021, 1.10. 
2021 – 31.12.2021, 01.01.2022 – 31.03.2022.

RSVs were tested for correlation with the daily number 
of cases diagnosed or tests and vaccinations performed. 
Models for 3, 5, 7, 9, 10, 12, and 14-day time lags between 
searching and diagnosis were tested to find the best-fitting 
model for each wave separately. Statistical analyses were 
conducted using the Statistica 13 Software (TIBCO Software 
Inc., CA, USA). The distribution of all data was assessed us-
ing the Kolmogorov-Smirnov test and further analyzed us-
ing the non-parametric Spearman’s correlation test as RSVs 
generally follow a non-normal distribution. The significance 
level was set at α = 0.05. 
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Symptom

Entire study 
period

01.03.2020 – 
31.03.2022

Wave 0
01.03.2020 – 
31.05.2020

Wave 1
01.1 0.2020 
– 31.01.2021

Wave 2
01.02.2021 – 
31.05.2021

Wave 3
01.10.2021 – 
31.12.2021

Wave 4
01.01.2021  

– 30.06.2022

Fever 0.269 -0.683 0.354 0.361 0.255 0.531

Cough 0.375 -0.698 0.355 0.518 -0.492 0.354

Dyspnea 0.067 -0.002 0.008 0.036 0.036 0.036

Fatigue 0.097 -0.001 -0.042 0.016 -0.073 -0.007

Muscle aches 0.175 -0.162 0.020 0.115 0.053 0.174

Headache 0.450 -0.408 0.304 0.509 0.068 0.432

Ageusia 0.448 -0.106 0.425 0.314 0.474 0.233

Anosmia 0.523 0.116 0.398 0.579 0.515 0.195

Sore throat 0.198 -0.640 -0.043 0.295 0.075 0.484

Nasal 
congestion 0.371 -0.227 0.108 0.154 0.262 0.398

Coryza 0.277 -0.648 -0.039 0.087 -0.227 0.018

Nausea 0.153 -0.084 0.041 0.069 0.178 0.206

Diarrhea 0.194 -0.357 0.061 0.299 -0.004 0.290

Only publicly available internet resources were used 
In this study. Individual patient data was not analyzed and 
therefore the Ethical Committee approval was not required.

    Results

Searches for the topic ‘COVID-19’ closely correlated 
with the distribution of reported cases, while the topic 
‘Coronavirus’ was prominent mostly during the first weeks 

of the pandemic. Searching for ‘COVID-19 testing’ corre-
lated very strongly with the number of SARS-CoV-2 tests 
conducted (rs = 0.9088, p < 0.01) and RSV of ‘COVID-19 
vaccine’ with the volume of new vaccinations (rs = 0.6644, 
p < 0.01). A  significant positive correlation between the 
RSV and the recorded new cases have been found regard-
ing 0, 5, 7, 4 and 7 symptoms in each wave respectively, 
while the most distinguished pattern was presented by the 
symptoms anosmia and ageusia (Table 1). Correlation co-
efficients were highest in the model in which searching for 

Table 1. Results of Spearman’s rank-order correlation test between search volumes of symptoms and daily detected COVID-19 cases 

Correlation coefficients were calculated for the whole observation period, as well as for each wave of infections separately. Statistically 
significant (p < 0.05) values are bolded. 



these terms was followed by a 12-day lag period to a sub-
sequent outbreak in the first wave. However, later in the 
pandemic, these terms were searched with only 5-day lag 
(2nd and 4th wave). Fever and cough were other symptoms 
searched for in the same way. Fever RSVs were correlated 
moderately with new cases, but higher after application 
of different time lags (12 days for 0, 1st and 3rd wave and  
5 days for 2nd and 4th wave). Cough presented positive cor- 
relation in waves 1, 2, 4 but negative during 3rd wave. Du- 
ring the “0” wave, the majority of symptoms presented 
a  negative correlation due to low and stable COVID-19 
counts and RSVs diminishing after initially high interest. The 
most appropriate time lag for each symptom in the subse-
quent waves is presented in Table 2.

Other symptoms showed various distribution across 
pandemic waves. Until late 2021, the symptoms that most 
prominently correlated with new cases were “ageusia” 
and “anosmia”. However, the 4th wave was connected to 

a different set of symptoms, including “fever”, which was 
the most correlated term, along with “sore throat”, “head-
ache” and “nasal congestion”. Changes in the symptom 
searching and the highly correlated symptoms across the 
pandemic’s waves are shown on Figure 1.

    Discussion

It is clear from the distribution of search volumes in the 
current study that searching for COVID-related news and 
symptoms was a  common activity in recent months and 
more-less resembled the dynamic of ongoing pandemic. 
Indeed, the most disease-specific symptoms such as anos-
mia and ageusia were primarily searched in line with pat-
terns of virus transmission. Henry et al [10], demonstrated 
that search volumes for “anosmia” and “ageusia” could al-
most perfectly predict a proceeding COVID-19 outbreak in 

Symptom
Wave 0 

01.03.2020– 
31.05.2020

Wave 1
01.10.2020– 
31.01.202

Wave 2
01.02.2021 – 
31.05.2021

Wave 3
01.10.2021 – 
31.12.2021

Wave 4
01.01.2021 – 
30.06.2022

Fever 12 12 5 12 5

Cough 14 12 12 12 12

Dyspnea 5 5 3 10 12

Fatigue 7 10 0 3 10

Muscle aches 9 12 3 14 5

Headache 14 5 5 12 14

Ageusia 7 12 5 10 5

Anosmia 9 12 5 7 5

Sore throat 14 12 7 5 5

Nasal congestion 5 10 3 0 5

Coryza 14 12 12 5 12

Nausea 10 9 5 0 12

Diarrhea 12 10 5 14 5

Median 10 12 5 10 5

Table 2. The best-fitted time lag models for prediction of wave outbreak

Values in the table represent the number of days between increased searching for a particular symptom and a rise in COVID-19 cases.  
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Figure 1. Relative Search Volumes of characteristic symptoms across the study period. Daily new COVID-19 cases are marked by grey 
area, while relative search volumes (RSVs) of selected symptoms are in color lines. Investigated wave periods are separated by dashed 
lines on the horizontal axis. Symptoms presenting the highest correlation coefficients in each wave are listed in the brackets below with 
the bar length representing correlation coefficient proportionally.

Poland within the next 1-week or 2-weeks. Based on daily 
data, our results revealed that a 12-day delay was more ac-
curate, however this time lag was only observable in 2020. 
Several months later, these symptoms were searched just 
5 days before an outbreak and searching for them almost 
completely stopped in the spring of 2022. Case prediction 
based on other symptoms was less accurate, as they occur 
in many different diseases, including non-infectious and 
chronic. The role of these symptoms was seldom analyz-
ed in COVID-19 infodemiology research [11] and our study 
confirms their low suitability for this purpose. For instance, 
searches for “cough” peaked during COVID-19 waves in 
2020 as well as independently of them in September 2021 
and April 2022. During the heaviest restrictions in 2020 and 
2021 (corresponding to waves 0, 1 and 2 in our study), the 
circulation of other viruses diminished [12] and searches 
for common symptoms were more likely to be related to 
COVID-19 infections, however this was no longer the case 
in the following months. The issue of low viability of GT in 
tracking COVID-19 was already raised by Asseo et al. [13] 
and our long-term observations support their findings.

On the other hand, a  shift in symptom searches was 
manifested in following phases with a diminishing interest 
in “anosmia” and “ageusia” and an increasing frequency 

of “fever”, “sore throat”, and “nasal congestion” searches. 
These results reflect the substantial change in the preva-
lence of symptoms noted with the emergence of the Omi-
cron variant. The most frequent symptoms prior to its out-
break were fatigue, headache, cough, and impaired smell 
or taste, but those infected later were more likely to pres-
ent with rhinorrhea, sore throat, and fever [14]. Another 
change was the incubation period of the virus: 5-6 days on 
average for the ancestral strain, while for the Delta variant 
it was ~4 days and 3 days for the Omicron [15]. Our results 
are in line with these reports, as the median time lag for 
positively-correlated symptoms was 12 days in the Fall of 
2020 and decreased to 5 days during the Omicron wave. 
However, this might also be attributed to greater public 
awareness, faster recognition of symptoms, and increased 
availability of testing. 

Despite its potential, GT does raise some credibility 
issues that researchers should be aware of. Foremost, an 
association between searches and the actual incidence of 
illnesses remains to be defined and may vary by disease, 
region and observation period. Furthermore, search data 
are generally prone to overestimation when there is in-
tense media coverage of the topic [16]. This was the case 
of the 0 wave in our study, when people were intensively  
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searching for COVID-19 information, despite the rela-
tively low incidence at that time. It appears that internet 
search data analysis is an important and promising meth-
od, however more complex approaches to building epi-
demiological models are required to accurately anticipate 
the spread of infectious agents. Our data shows that the 
current approach can help predict the general occurrence 
of an increased spread or changes in symptomatology, 
however, a precise estimation of cases is not possible by 
using Google Trends alone. A  combination of data from 
different search engines and social media data, potentially 
combined and calculated by artificial intelligence, may help 
to recognize danger quickly [17] . Surely, the future of ep-
idemiology will be based on digital tools to a great extent. 
Infectious diseases surveillance based on internet sources, 
molecular sewage monitoring or mobile data tracking has 
been proven useful before [18-19]. We believe that the 
possibilities of big data processing and artificial intelligence 
implementation, instead of individual clinical data may be 
faster, more accurate and valuable for public health. 

    Conclusions

The suitability of Google Trends™ analysis for case pre-
diction in infectious diseases is not universal and heavily 
depends on the proper timing and selection of keywords. 
This approach may provide overestimation and inaccurate 
forecasts. Nevertheless, monitoring early changes such as 
the incubation period and new symptoms of previously 
known diseases may be a promising application for infode-
miology in the future. 
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Abstract 

Low back-pain is the most common pain syndrome. Radiofrequency facet denervation (RFD) is a minimally inva-
sive method of treatment of chronic low back pain caused by facet joint syndrome. In this procedure electric 
current with frequency of radio waves are used to cause thermal injury to a small branch nerve that innervates 
painful facets. There are numerous studies confirming the effectiveness of this therapy. A good outcome of RFD 
can be sustained by appropriate and regular exercise. The aim of this article is to recommend such a program of 
exercises focused on strengthening the muscles and improving stabilization of the lumbar spine.
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    Introduction

Low back pain (LBP) is the most common pain syn-
drome. Diagnosing the cause of LBP is challenging due to its 
numerous etiologies. Maas et al. reported that lower back 
pain was classified as “non-specific” in 85-90% of cases [1].  
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LBP is the second most common reason for years lived with 
disability [2]. Rubin described that 50-80% of adults experi-
ence back pain at least once in their lifetime and 15-20% of 
adults struggle with back pain at least once a year [3]. Frosch 
et al. indicated that the prevalence of non-specific back pain 
was increasing among children and adolescents [4]. Yang et al. 
reported that that 80% of adolescents with LBP could not be 
clearly diagnosed within a year and the most common final di-
agnoses were muscle cramps, scoliosis, lumbar degenerative 
disc disease or disc herniation [5]. Andersson reported that 
> 50% cases of LBP resolved spontaneously within 2-4 weeks 
and 90% by 12 weeks. In another study, he reported that 
60‑70% recovered within 6 weeks and 80-90% in 12 weeks [6]. 
In another study, spontaneous resolution of LBP of disc origin 
occurred after 2.33 ± 1.23 months [7]. In their review Chiu et al. 
reported that the rate of spontaneous resolution of lower 
back pain was to be 96% for disc sequestration, 70% for disc 

Facet joint syndrome versus radi- 
cular pain

When diagnosing a patient, the source of the LBP must 
be correctly located, which increases the chances of success 
treatment results. The intervertebral joints (IJ) of the lumbar 
spine are a common source of pain, accounting for 15-45% 
of cases apart from other structures like intervertebral discs, 
sacroiliac joints, and nerve roots [12]. Osteoarthritis of the 
lumbar spine is the most common cause of intervertebral 
joint pain (Figure 1). Facet joint syndrome (FJS), also known 
as facet joint disease, is associated with local pain in the lower 
back, rarely radiating to the leg. The causes of FJS are: heavy 
physical work, scoliosis, spondylolisthesis and obesity [13]. 
It is noteworthy that not every case of chronic LBP originates 
in the IJ. FJS is related to age and occurs most commonly be-
tween the ages of 51 and 60 [12].

extrusion, 41% for disc protrusion, and 
13% for disc bulging and the rate of com-
plete resolution of disc herniation was 43% 
for sequestrated discs and 15% for extrud-
ed discs [8].

A significant number of employees 
complain of back pain and it is one of the 
main reasons for absence or resignation 
from work. Based on data from ZUS (Zakład 
Ubezpieczeń Społecznych, the institution 
responsible for social insurance in Poland), 
cervical pain was the main reason for work 
absence (51% of employees in Poland), 
34% cited LBP and 18% cited thoracic spine 
pain [9]. The statistical age of patients who 
seek medical consult due to back pain is 
systematically decreasing in Poland. The 
average Polish patient with medically con-
firmed back pain is currently on average 46 
years of age (age ranged from 7 to 95 years 
of age [9]. Statistics from other European 
countries show that 10-15% of sick leave 
from work is due to back pain [6]. Stewart et al. indicate that 
in the United States LBP is the second most common cause 
of absenteeism/lost productive time (right after headache) 
due to pain [10]. Savari et al. showed that the most common 
reasons for work absence (after respiratory system diseases) 
were skeletal system diseases (neck and back pains account-
ed for 12.3% of absences at work) and the most predisposed 
group was age 20-39 years [11]. The above data clearly shows 
the scale of the problem that affects our society. 

Figure 1. Facet joint syndrome is caused by osteoarthitis of an 
intervertebral joint which is the source of pain.

Radicular pain is characterized by severe, shooting pain 
radiating to the extremities. This is accompanied by neurolog-
ical symptoms such as sensory disturbances, paraesthesia and 
muscle weakness. Clinical symptoms of lumbosacral radicu-
lar syndrome usually result from irritation of L4, L5, S1 roots. 
Radicular syndromes are most often caused by compression 
of the spinal roots near the entrance to the intervertebral 
foramen, the narrowest part of this opening, which is most 
easily narrowed in the course of degenerative changes of the 
spine (Figure 2). The second most common cause of spinal 
root compression is disc displacement [14].
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Lumbar denervation procedure

Lumbar radiofrequency denervation (RFD) is a minimal-
ly invasive treatment for chronic LBP that involves targeted 
percutaneous nerve injury using 300-500 kHz heat-genera-
tion for precise and long-lasting pain relief. The indication for 
this procedure is chronic LBP lasting at least 6 months that 
cannot be relieved by conventional treatment e.g. analgesics 

Figure 2. Narrowed spinal canal recess or intervertebral foramen are the causes of compression of the nerve root which is the source of 
radicular pain.

and physiotherapy. The advantage of RFD is its precision, re-
producibility regardless of the patient’s age and relatively few 
contraindications (e.g. heart failure, pregnancy, inflammatory 
skin changes and certain mental diseases, particularly depres-
sion secondary to chronic pain) [15]. The RFD procedure can 
be performed safely approximately 3 months after stroke and 
myocardial infarction [16]. See Figure 3-5 for an RDF proce-
dure for faucet joint syndrome.

Figure 3. RFD the in operating room under fluoros

Figure 4. Oblique X-ray of lumbar spine with the needle and elec-
trode lead inserted in the so-called “eye of the scottie dog”
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Figure 5. A-P X-ray of the electrode placed on left transverse 
process of L5

Efficacy of lumbar facet RFD

In a study on 1309 patients with chronic LBP, RFD was 
shown to provide only short-term pain relief for patients 
with pain of disc origin, while it was more effective for FJS [1].  
Adakli et al demonstrated, comparing RFD with Target Disc De-
compression, that RFD was an attractive alternative to conven-
tional surgery for the treatment of radicular symptoms [17]. 
Pain relief was reported by 41.7% of patients undergoing RFD. 
In a study on the efficacy of RFD for discogenic lumbar spine 
pain, Zhang et al noted pain relief in 65% of patients in the 
first week after treatment, 17 (74%) at 1 month, 18 (78%) at 
3 months, 19 (82%) at 6 months, and up to 87% of patients 
at 12 weeks after treatment [18]. Arici et al. included in their 
study 164 patients with LBP due to lumbar arthropathy, who 
underwent RFD and at least 50% of noted pain relief and 68% 
had good to excellent results. The median time of relief after 
the procedure was 7.3 months, with 10.2 months for patients 
with good/excellent results [19]. In a Korean study on 30 pa-
tients with discopathy or spinal stenosis underwent RFD, of 
whom 17 patients scored ‘excellent’ according to the MacNab 
criteria, 11 scored ‘good’ and the remaining 2 patients scored 
‘fair.’ The patients were also assessed with VAS and Oswestry 
scales in which they showed significant improvement [20]. In 
their double-blind study, Ertival et al. subjected 96 patients 

in 3 randomized groups to RFD with different parameters in 
terms of temperature and time. The results, regardless of the 
parameters used, were good (pain relief > 50% in 57% of pa-
tients), but were worse in patients who had previously under-
gone spinal procedures [21]. Masala et al. found significant 
lumbar pain relief in 70%-81% of patients with FJS [22]. Similar 
results were also found by Hee Son et al. (85% of patients ex-
perienced pain relief) [23] and MacVicar et al. (58% and 53% 
of patients had a positive treatment outcome) [24].

Physiotherapy approach after RFD treat-
ment on FJS

RFD has been demonstrated to relieve LBP, allowing pa-
tients to resume independent daily activities and work. This 
minimally invasive technique allows patients to start physio-
therapy after a week in the form of physical exercises. Patients 
with LBP tend to have abnormally reduced paraspinal mus-
cle tone caused by long-term chronic overload pain resulting 
from poor spinal alignment. Therefore, correct body posture 
and proper shaping of the lumbar lordosis are important [25]. 
It is important to educate the patient, to implement the cor-
rect body posture in everyday activities and the correct sitting 
position while working in a sitting position, e.g. at the desk. 
Regular exercises strengthen the lumbar muscles and improve 
the stabilization of the lumbar spine by correcting its position 
(from deepened to normal), all of which reduce LBP [26]. The 
lumbar spine is exposed to heavy loads, and thanks to proper 
physical activity, we can avoid overload. The greatest pressure 
is exerted on them during forward tilting of the lumbar spine 
(lordosis) and rotation of the trunk and pelvis. Active exercises 
performed regularly, activating the deep muscles of the trunk 
and aimed at restoring the proper tension and coordination of 
paraspinal muscles in the lumbar spine [27]. 

Proper exercise by the patient is based on the principle 
of performing exercises without increasing pain, gradually in-
creasing the range of motion in the joints of the spine, only 
to the limit of pain. Regular, daily exercise should be done in 
isolated, safe positions. Change of exercise position should 
take place with a stiffened spine. During exercises, the pa-
tient should maintain deep breaths by inhaling through the 
nose and exhaling through the mouth. The effectiveness of 
individual exercises in terms of reducing pain and improving 
the patient’s functionality has also been demonstrated in 
other studies [28-29]. Performing RDF treatment in a patient 
with LBP and performing regular physical exercises under the 
supervision of a physiotherapist an extend the therapeutic 
effect of RDF treatment in the form of life without LBP symp-
toms. See Figure 6-10 for a sample set of exercises for patients 
after RFD.
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Figure 6. Exercise 1. While in the supine position, with arms along 
the torso, knees flexed, raise the pelvis, hold position for  
7 seconds, lower the pelvis.

Figure 9. Exercise 4. Arch supports while in the prone position. 
Hold this position for a few seconds, preferably while inhaling.

Figure 10. Exercise 5. While in the prone position, put your hands 
on your hips and try to “stick your head” as far as possible in 
front of you lifting it slightly from the floor.

Figure 7. Exercise 2. While lying down, use the right heel to touch 
the left knee and repeat with opposite heel and knee.

Figure 8. Exercise 3. Cat (back) stretch. Inhale while pushing the spine towards the ceiling, exhale while lowering the spine to the starting 
position.
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       Conclusions

A good outcome of facet joint denervation can be main-
tained with an appropriate, regular program of exercises to 
strengthen the muscles and improve the stabilization of the 
lumbar spine. The exercises described in this article are ex-
emplary. Patients must stay in contact with their doctor or 
physiotherapist, who work closely together. Combining the 
RFD treatment with physiotherapy will probably prolong 
the therapeutic effect and get rid of chronic low back pain. 
Therefore, it should be remembered that the form of exercise 

    Conflict of interest

None.

    Funding

None.

should always be individual and adapted to the current physi-
cal condition of the patient. 
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Abstract 

Introduction: Cases of myocarditis in people were vaccinated against COVID-19 have been reported in the recent 
years. Nevertheless, the histopathological features and the pathomechanisms in these cases are still unclear. 
Hence, a scoping review of existing literature was performed to discover the histopathological features of my-
ocarditis induced by the above-mentioned vaccine. Methods: A search was performed in the PubMed, Scopus 
and EMBASE databases to retrieve the relevant records, involving analyses of biopsy and autopsy specimens. Ba-
seline characteristics of the patients and the histopathological characteristics of the respective specimens were 
extracted and recorded. Results: Overall, 24 case reports and case series (involving a total of 54 patients) were 
included in this scoping review. The following signs of inflammation were present in the specimens: lymphocyte 
infiltration (64.8%), eosinophilic infiltration (29.6%), neutrophil infiltration (3.7%) and giant-cell formation (1.9%). 
Other features included myocardial tissue necrosis (20.4%), the presence of the SARS-CoV-2 spike protein (16.7%) 
and microthrombosis (3.7%). Conclusions: The histopathological characteristics of SARS-CoV-2 vaccine-induced 
myocarditis were heterogenous, the only common characteristic was the presence of lymphocyte infiltration in 
more than half of the cases. Studies of unreported past cases may provide further insights into the topic.
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    Introduction

Myocarditis is a rare but serious condition where the 
heart muscle (myocardium) becomes inflamed [1]. Accord-
ing to the histopathological standard for diagnosing myo-
carditis (the Dallas criteria), myocarditis is defined as an in-
flammatory infiltration of the myocardium with or without 
fibrosis of the tissue [2]. Although the latter disease is not 
generally life-threatening and doesn’t cause permanent 
damage to the myocardium, it can lead to hospitalization 
and increased risk of developing arrythmias [3]. 

Since early 2021, several cases of myocarditis have 
been reported in people following vaccination against the 
severe acute respiratory syndrome coronavirus-2 (SARS- 
-CoV-2) virus, particularly in those vaccinated with mRNA 
vaccines [4-5]. Interestingly, most patients who developed 
myocarditis presented some common patterns, including 
the onset of the disease in an average of 2-3 days after 
receiving the second dose of the SARS-CoV-2 vaccine [6]. 
Nonetheless, most cases of post-vaccination myocarditis 
were diagnosed based on medical imaging techniques or 
laboratory examinations, therefore not enough data and 
systemic descriptions were available to comprehend the 
pathophysiology of this condition [7-8]. Hence, there is 
a  significant need for the analysis of biopsy or necropsy 
specimens of the myocardia of patients with inflammato-
ry cardiomyopathy after receiving the SARS-CoV-2 vaccine. 
Moreover, according to the proposals of the World Health 
Organization, it is necessary to systematically evaluate the 
adverse effects of vaccines [9]. The aim of this study was to 
conduct a scoping review of the available literature in order 
to investigate the histopathological features of the myocar-
ditis following SARS-CoV-2 vaccination. 

    Material and methods

A scoping review was conducted according to the PRIS-
MA Extension for Scoping Reviews (PRISMA-ScR) guide-
lines with the aim of answering the following research 
question: “what are the histopathological characteristics 
of myocarditis following vaccination against SARS-CoV-2, 
as described in the available literature?” [10]. We system-
atically searched the PubMed, Scopus and EMBASE elec-
tronic databases for English-language articles published 
from inception until April 2023. The following keywords in 
combination with Boolean operators (AND, OR) were used 
in the electronic search: “myocarditis”, “inflammatory car-
diomyopathy”, “histolog*”, “histopatholog*”, “anatomo-
patholog*”, “surgical pathology”, “severe acute respiratory 
syndrome coronavirus 2”, “SARS-CoV-2”, “coronavirus dis-
ease 19”, “COVID-19”, “vaccine” and “vaccination”. 

The inclusion criteria were: case report, case series or 
observational study reporting the biopsy or necropsy re-
sults of patients with myocarditis occurring after the SARS-
CoV-2 vaccination. We used the citation manager EndNote 
(Clarivate, Philadelphia USA and London UK) to remove 
duplicate records. All remaining records were screened for 
eligibility based on their titles and abstracts. Finally, we ob-
tained the full-text versions of the remaining records and 
assessed them in detail. 

Data extraction and statistical analyses

Data was extracted from all included studies regarding 
the number of patients, their gender, the number of vac-
cine doses they received prior to the onset of myocarditis, 
the type of vaccine they received, their medical history, the 
type of specimen taken (biopsy sample or necrotomy spec-
imen) and the histopathological features found within the 
myocardial specimens. The extracted data was processed 
and presented using descriptive statistics. All statistical pro-
cesses were performed using the STATA software package 
version 17.0 (StataCorp LLC, College Station USA). 

    Results

The database search retrieved a  total of 179 records, 
of which 94 remained after the duplicates were removed. 
During the title and abstract screening, a total of 55 cita-
tions were deemed ineligible due to irrelevance to the re-
search question. Once the full-text versions of the remain-
ing articles were assessed, 15 were excluded (see Figure 1 
for details). Hence, a total of 24 studies were finally includ-
ed in the review, all of which were case reports and case 
series [11-34]. 

Figure 1. PRISMA diagram of our systematic review
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Overall, the included studies described a  total of  
54 patients who presented with myocarditis after obtaining 
a dose of the SARS-CoV-2 vaccine. The baseline characteris-
tics and vaccination information of the patients have been 
recorded in Table 1. Most of the included patients were 
healthy with no prior history of serious disease and 7 had 
prior history of myopericarditis, thyroiditis, diabetes mel-
litus, Parkinson’s disease and glioblastoma [22, 24, 26-28, 
31-32]. Moreover, all patients expect 2, developed myocar-
ditis after receiving ether the first or the second dose of the 
vaccine [23-24]. It is also worth mentioning that majority of 
the patients who developed myocarditis received an mRNA 
vaccine. 

Table 1. Baseline characteristics of patients in the included studies

VARIABLES

Total number of patients (n) 54

Mean age (years) 
± standard deviation

40.9  
± 17.3

Gender

Male (n) 35

Female (n) 19

Vaccine doses received prior to myocarditis

One dose (n) 21

Two doses (n) 31

Three doses (n) 2

Type of vaccine received

Messenger RNA (n) 49

Viral vector (n) 4

Viral subunit (n) 1

Special health conditions

Prior history of myopericarditis (n) 1

Thyroiditis (n) 3

Diabetes mellitus (n) 1

Parkinson’s disease (n) 1

Glioblastoma (n) 1

All of the specimens (43 from endomyocardial biopsy 
and 11 from necropsy) in the included studies had under-
gone anatomopathological analysis. In all the specimens, 
myocarditis was characterized by inflammatory infiltra-
tion, namely lymphocyte infiltration (64.8%), eosinophi- 
lic infiltration (29.6%), neutrophile infiltration (3.7%) and  
giant-cell formation (1.9%). In some specimens, myocardial 
tissue necrosis was also observed, which was previously re-
ported, particularly in patients with viral myocarditis [35]. 
Histochemical analyses also revealed that in 16.7% of the 
specimens, the SARS-CoV-2 spike protein was present.  
It is also necessary to mention that in 2 specimens, mi-
crothrombi were also present and it is known that micro-

thrombosis is associated with SARS-CoV-2 [12, 25, 36]. 
Table 2 summarizes the histopathological features of the 
myocardial specimens in the included studies.

Table 2. Histopathological features of myocardial specimens  
in the included studies 

FREQUENCY 
(n)

PERCENTAGE 
(%)

Specimen type

Endomyocardial 
biopsy 43 79.6

Necropsy 11 20.4

Lymphocyte 
infiltration 35 64.8

Eosinophilic  
infiltration 16 29.6

Neutrophile infil-
tration 2 3.7

Giant-cell  
formation 1 1.9

Myocardial tissue 
necrosis 11 20.4

SARS-CoV-2  
spike protein  
in myocardium

9 16.7

Microthrombosis 2 3.7

    Discussion 

As seen in this scoping review, the histopathological 
features of the inflamed myocardia after COVID-19 vacci-
nation vary from case to case. The only prevalent feature 
amongst the cases was the lymphocytic nature of the myo-
cardial inflammation. Interestingly, the most common type 
of viral myocarditis is lymphocytic myocarditis as well [37].  
Therefore, this histopathological finding may possibly in-
dicate the involvement of the virus in the formation of 
post-vaccine myocarditis. Indeed, one of the proposed 
mechanisms is the leakage of vaccine nanoparticles into 
the bloodstream, which subsequently reach the myocardial 
cells and cause viral protein expression [38]. The presence 
of the SARS-CoV-2 spike protein in some of the specimens 
included in this review may also further support this theory. 

Although the present scoping review was performed 
according to the PRISMA-ScR guidelines it has several sig-
nificant limitations. First, most included records were case 
reports, yielding only a small number of included patients 
and thus decreasing the reliability of the results. Moreo-
ver, many of the articles did not provide details of the 
histopathological characteristics and therefore, possible 
additional characteristics may not have been recorded in 



this review. Lastly, since the search was limited to articles 
written in the English language, valuable reports written in 
other languages might have been excluded. 

    Conclusions

Our review demonstrated that myocarditis accompa-
nied with inflammatory infiltration and sometimes myocar-
dial necrosis rarely occurs in patients who were vaccinated 
against COVID-19, particularly with the novel mRNA vac-
cines. Further studies are required to validate our results. 
In particular, retrospective cohort studies of unreported 

past cases may shed some more light on the histopatholog-
ical features of myocarditis induced by vaccination against 
SARS-CoV-2. 
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Abstract 

Abdominal pain is one of the main symptoms of pancreatic diseases, including chronic pancreatitis (CP). Once the 
disease is in remission, pain management is a key element of treatment. Co-analgesics may also be used at any 
stage of analgesia, among which antiepileptic drugs such as pregabalin. The first data on the beneficial effect of 
pregabalin on pain in the course of CP was published in a clinical trial in 2011, and it has been known since 2015 that 
the analgesic effect of pregabalin on CP has a different mechanism of action than conventional analgesics. Currently, 
research is focused on combining pregabalin with antioxidants and on methods to predict the patient’s response to 
pregabalin administration. Based on current research, pregabalin appears to be a very useful agent for the pharma-
cologic treatment of pain in the setting of CP.
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    Introduction

Chronic pancreatitis (CP) is one of the most common gas-
troenterological diseases. In 2017, more than 1.5 million pa-
tients were diagnosed with de novo CP, compared to 1 million 
in 1990. In addition, Poland, along with Belgium and Slovakia, 
is one of the countries with the highest incidence of CP in the 
world [1]. According to the most recent definition, chronic 
pancreatitis is defined as a fibro-inflammatory syndrome of 
the pancreas, in which there is a persistent immune response 
associated with a damaging or stress factor, which manifests 
itself in individuals with a pre-existing genetic or environmen-
tal risk [2].

Abdominal pain (less often back pain) is one of the key 
symptoms of pancreatic diseases, including CP, the presence 
of which may precede both the loss of exocrine and endocrine 
function of this organ. Once disease remission is achieved and 
maintained, analgesia is a key element of patient manage-
ment. The best-known algorithm is the so-called analgesic 
ladder, recommending starting with non-steroidal anti-inflam-
matory drugs (NSAIDs) and if not ineffective, escalate to weak 
and strong opioids [2]. Currently, the use of surgical methods 
to reduce pain in patients with CP is being considered [3].  
In some patients, the pain can be so severe that it leads to 
sleep disorders, depression and other mental disorders [4-6]. 

Co-analgesics may be added at any stage of analgesia. Anti- 
-epileptic drugs have been used as co-analgesics for some 
time, among them pregabalin. According to the Summary of 
Product Characteristics (SmPC), treatment of pain with pre-
gabalin can be initiated with a dose of 150 mg daily, admin-
istered in two or three divided doses, and then (according to 
the effects and tolerability of the drug, particularly renal func-
tion) the dose can be gradually increased up to up to 600 mg 
daily [7].

The aim of the article is to summarize the studies con-
ducted so far on the use of pregabalin in patients suffering 
from pain in the course of chronic pancreatitis.

    Material and methods

In order to collect articles on the topic, PubMed and 
Google Scholar databases were searched using the keywords 
“pregabalin,” “chronic pancreatitis” and their synonyms.

    Results and discussion

The first data on the beneficial effect of pregabalin on 
pain in the course of CP was published in a 2011 clinical trial 
in which pregabalin was co-administrated with other analge-
sics, 36% of patients experienced relief compared to 24% in 
the placebo group [8]. Since then, more of similar clinical trials 
have been conducted, the results of which are summarized 
in Table 1.

In 2015, the results of a study were published showing 
that the mechanism of analgesic action of pregabalin in pa-
tients with CP differs from other agents used in pain man-
agement [9]. This implies that pregabalin may be particularly 
useful in treating patients who do not respond satisfactorily to 
conventional ladder-based treatment.

Observational studies have shown that one of the mech-
anisms of neuropathic pain in the course of CP is the adap-
tation of the structures of the central nervous system (CNS) 
caused by inflammation [10-11]. This led researchers to try 
to administer pregabalin together with antioxidant substanc-
es (e.g. methionine, selenium, β-carotene, ascorbic acid and 
α-tocopherol). Clinical trials on the simultaneous administra-
tion of pregabalin and antioxidants in patients with pain in 
the course of CP resulted in greater degree of pain reduction 
compared to those on pregabalin alone (Table 1) [12-13]. In 
another clinical trial, conducted on pediatric patients (average 
age 13 years), it was suggested that the administration of an-
tioxidants (vitamin C, selenium) by itself reduces pain in 68% 
of patients [14].

Table 1. Summary of the results of clinical trials on the use of pregabalin in the treatment of pain in the course of CP; the VAS scale was used to assess 
pain in all of the above trials.

Reference
Group size  

(study+ control 
group)

Follow-up 
period

Relative difference in pain 
intensity between the study 

and control groups (%)
Comments

Olesen, Bouwense et 
al. 2011 [8] 64 (32+32) 3 weeks 12

Olesen, Graversen et 
al. 2011 [15] 26 (13+13) 3 weeks 14.29

Talukdar et al. 2016 
[13] 87 (42+45) 2 months 20.5

Pregabalin was 
administered with 

antioxidants

Sureshkumar et al. 
2021 [12] 90 (45+45) 8 weeks 35
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On the other hand, there are claims about the insufficient 
level of testing of pregabalin in the treatment of pain in the 
course of CP. The authors of a review from 2016 suggested 
that in previous studies, insufficient attention was paid to the 
long-term effects of pregabalin use in patients with CP and 
its overall impact of such therapy on their quality of life [16].

For some time, it was suspected that frequent diarrhea 
and changes in the intestinal mucosa typical of CP adverse-
ly affected the pharmacokinetics of pregabalin administered 
orally. These concerns were dispelled in an observational 
study from 2012, which reported that the pharmacokinetic 
profile of pregabalin in patients with CP was preserved and 
dose modification in such patients should be considered only 
in the case of renal failure [17]. However, it should be not-
ed that according to pregabalin’s SmPC, its use in diabetes  
(a frequent secondary complication of pancreatic diseases) 
may disturb the bicarbonate balance and require an increase 
in the dose of hypoglycemic drugs in the patient, including 
insulin [7].

Due to the proven role of neuroplasticity in the devel-
opment of pain in some patients with CP, and the frequent 
digestive system-related adverse effects of pregabalin, at-
tempts have been made to construct methods predicting 
the response of patients to its use in pain management. In 
addition to EEG monitoring of analgesia (see below), Quanti-
tative Sensory Testing (QST) may be used. The response was 
observed only after electrical stimulation of the Th10 dermat-
ome (corresponding with the pancreas) and the effectiveness 
of such prediction was estimated at 83.9% [18-19].

When treating pain therapy in patients with impaired 
verbal contact (or unconscious), the level of analgesia can 
be tested using electroencephalography (EEG). After admin-
istration of pregabalin, the normalization of the (previously 
increased) amplitude of theta waves over the parietal lobes 
may be an indicator interpretable as analgesia [20].

    Conclusion

According to the latest studies, including randomized 
clinical trials, pregabalin seems to be an effective analgesic in 
patients with CP. Its use should be considered primarily in pa-
tients in whom conventional measures of the analgesic ladder 
proved unsatisfactory. Pregabalin seems to have a synergistic 
effect with antioxidants and the degree of its absorption is not 
significantly affected by the course of CP itself. The patient’s 
response to pregabalin therapy can be predicted using QST, 
whereas in patients with impaired verbal contact it can be 
monitored using EEG.
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Abstract 

In recent years, the number of patients with a cardiac implantable electronic device (CIED) has been steadily 
increasing. Implantable cardioverter-defibrillators (ICDs) are currently one of the primary methods of preventing 
sudden cardiac death (SCD) in patients at risk. A post-mortem CIED examination, which these days is performed 
very rarely, as well as the analysis of the recordings may provide key information regarding the circumstances of 
the patient’s death. This applies to both the potential impact of a defect or damage to the device in an event of 
the owner’s death and the forensic analysis of the circumstances of death, especially when traditional post-mor-
tem diagnostics do not provide a clear diagnosis. In addition, using the data stored on the device, it is possible to 
identify the corpse and precisely determine the time of death, which is crucial for the conducted expertise. Since 
it is a quick, cheap and widely available procedure, CIED analysis should be incorporated as a routine element of 
post-mortem diagnostics.
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    Introduction

Implantable cardioverter-defibrillator (ICD) is an ad-
vanced medical instrument of the cardiac implantable elec-
tronic device (CIED) type, which plays a key role in the pre-
vention of sudden cardiac death (SCD) in patients with certain 
cardiac arrhythmias [1-3]. Its main purpose is to detect and 
terminate ventricular arrhythmias or bradycardia and to pro-
vide resynchronization pacing [4]. This therapy is considered 
in the context of primary and secondary prevention of SCD 
[5-7]. Secondary prevention includes cases of patients who 
were successfully resuscitated after cardiac arrest due to ven-
tricular fibrillation (VF) or ventricular tachycardia (VT), after 
48 hours of acute coronary syndrome and have been assessed 
to benefit from the therapy for at least one year in good con-
dition. Primary prevention is for patients with chronic symp-
tomatic heart failure (NYHA II-III) and low left ventricular 
ejection fraction (LVEF ≤ 35%) for whom three months of op-
timal pharmacotherapy did not bring improvement in these 
parameters and are expected to benefit from the therapy for 
at least one year in good condition [8]. Besides ICDs, perma-
nent pacemakers (PM), also classified as CIEDs, are among the 
devices used to improve the quality of life and survival time 
of patients with cardiac problems [9]. PMs are devices used 
to electrically stimulate the heart’s rhythm, especially when 
dysfunction of the impulse-conducting system occurs, e.g. ad-
vanced atrioventricular blocks, causing hemodynamic heart 
failure [10]. 

Cardiac Resynchronization Therapy (CRT) is another elec-
tronic device permanently implanted in patients with heart 
failure [11]. Resynchronization therapy improves heart func-
tion and the well-being of patients, reduces the severity of 
symptoms, and decreases morbidity and mortality. There are 
two main types of CRT devices: a resynchronization stimulator 
with a defibrillator function (CRT-D, cardiac resynchronization 
therapy-defibrillator) and resynchronization stimulator with-
out a defibrillator function (CRT-P, cardiac resynchronization 
therapy-pacemaker) [12]. In recent years, an increase in the 
number of ICD and other CIEDs implantations has been ob-
served worldwide [13-16]. According to epidemiological data, 
over 200000 ICD implantations are performed per year [17]. 
Due to the clear trend in the number of CIED implantations, 
it is important to explore its the role in the post-mortem ex-
amination. Such studies are a key element in evaluating the 
effectiveness of therapy (not only in the context of preventing 
SCD), but also in identifying potential problems with these 
devices. The knowledge gathered as a  result of post-mor-
tem examinations improves the procedures of implantation, 
programming and supervision of ICDs, contributing to the 
improvement of the quality of life of patients with cardiac ar-
rhythmias [18]. Currently, the obligation to extract CIED from 
the body only applies to cases where cremation is planned 

(for safety reasons, including the risk of explosion due to high 
temperature). Furthermore, explantation of the device during 
autopsy and postmortem analysis of its recordings is rare and 
applies mainly to forensic examinations, while the device it-
self is usually treated as medical waste [19-21].

CIED flaws and malfunctions

Despite the high efficacy demonstrated by implantable 
cardioverter-defibrillators, it is imperative to acknowledge the 
potential existence of operational imperfections within these 
devices. This acknowledgment underscores the significance 
of considering the presence of defects that might impact the 
seamless functioning of CIEDs despite their overall effective-
ness. These may include electrode failures or displacements, 
abnormalities regarding arrhythmia detection and treatment, 
mechanical failures of the control unit and pulse generator, or 
improper programming of the device and software errors, in-
cluding spontaneous reset or shutdown [22-23]. These defects 
can lead to inappropriate therapy or the lack of it in critical 
situations, which in turn may result in a threat to the patient’s 
life [24-25]. The analysis of the literature shows that many 
technical defects of the ICD are not recognized during the 
life of the patient, which may contribute to their death [26].  
A post-mortem examination conducted on 262 CIEDs showed 
device malfunction resulting from its defect or damage in 
as many as 15% of cases [27]. Additionally, in more than 
3% of cases the flaw of the device was a potential threat to 
the patient’s life [28]. The most common failure was battery 
depletion, although there were also cases of damaged elec-
trodes, as well as errors in the software or infection at the 
implantation site [27]. Thanks to post-mortem CIED analysis, 
it is possible to identify defects in the device, which enables 
modification of subsequent therapies and potentially saving 
the lives of future patients with similar devices. There is also 
a risk of misdiagnoses of arrhythmias or false alarms, which 
can lead to unnecessary pacing. Inadequate ICD interven-
tions, (to rhythms other than VT or VF) occur most often in 
the case of atrial fibrillation (AF) with rapid ventricular action, 
sinus tachycardia or supraventricular tachycardia (SVT). This 
flaw is a result of the difficulty in differentiating the various 
types of arrhythmias and accurately identifying which of them 
are in fact life-threatening. This can lead to unnecessary elec-
tric shocks, even repeated several times, which is not only 
unpleasant for the patient, but also increases the risk of com-
plications [29-32]. 

There have also been cases of death of patients with ICDs, 
which were directly caused by a pacemaker dysfunction [28] 
and traffic accidents resulting from loss of consciousness af-
ter receiving a stimulation [33]. In cases of death of patients 
with CIED, the possibility of infection and infection of the de-
vice should also be considered in the post-mortem diagnosis. 
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Despite their infrequent occurrence, such events carry a high 
mortality rate [34-35]. Then, it becomes particularly impor-
tant to examine the device pocket in situ during the post-mor-
tem examination and the histopathological examination to-
gether with the analysis of the patient’s medical records [36]. 
These results underline the importance of the forensic aspect 
of such cases and the need to discuss and question the natu-
ral cause of death in such cases. What is more, inclusion of ICD 
analysis during a  routine autopsy becomes an important is-
sue, as it may reveal a cause of death different from what was 
originally assumed. Moreover, the integration of comprehen-
sive scrutiny of implantable cardioverter-defibrillators (ICDs) 
within the framework of routine post-mortem examinations 
assumes paramount significance, as it holds the capacity to 
elucidate an underlying cause of death that diverges from the 
initial hypotheses.

Forensic medicine 

The reading and analysis of data recorded by CIED’s pro-
vides key information for the conducted forensic medical ex-
amination [37-40]. This is particularly important in the case of 
unknown circumstances of the event or lack of witnesses [41]. 
One of its basic advantages is the possibility of identification 
of corpses, which is particularly important in the case of mass 
events, significant body damage, advanced decomposition or 
inability to be identify using commonly used methods, such 
as dental analysis or fingerprints [42]. Body identification is 
possible by reading the patient’s data uploaded during de-
vice preparation before implantation. In the event of damage 
preventing the download of data, it is possible to determine 
the patient’s identity indirectly, by reading the serial number 
placed on the device’s case [43]. The analysis of the informa-
tion recorded by the CIED also enables determination of the 
precise time of death, which is crucial information for the in-
vestigation, allowing, among other things, to identify the per-
petrator [44-46]. Confirmation or exclusion of a suspect’s alibi 
is one of the key pieces of information for an investigation. 
Moreover, determination of the exact time of death is pos-
sible even in the case of a long time since death [47]. In this 
case, one should also remember about possible time shifts 
resulting, for example, from changing the time zone, and to 
correlate the time shown by the device with the real time. 

An autopsy remains the gold standard for determining the 
cause of death but in sometimes it does not provide a clear 
conclusion as to its circumstances [48]. In such cases, it is re-
quired to perform additional tests, which may be post-mor-
tem analysis of the CIED record. Post-mortem reading of the 
data recorded by the CIED helps to determine the cause and 
mechanism of death by analyzing the electrophysiology and 
rhythm of the heart [39, 49]. This is particularly important in 
unclear cases when traditional post-mortem diagnostics do 

not show significant changes that could have led to death 
[18, 50]. Such situations include, among others, sudden car-
diac death as a result of cardiac arrhythmias in the functional 
mechanism, which may not cause any specific changes that 
can be visualized during an autopsy [51-53]. It is also impor-
tant in the case of poisoning or overdose of drugs that may 
not leave macroscopically visible changes during post-mor-
tem examination but may affect the cardiac function. In 
addition, reading a  time-correlated heart rate record from 
the CIED allows a reliable determination of the sequence of 
events and the cause of death in cases, where potentially fatal 
events occur suddenly, e.g. a car accident or a fall due to loss 
of consciousness resulting from cardiac arrhythmias [54-56]. 
Moreover, the analysis of the record allows to determine the 
patient’s condition in the period immediately prior to death 
and determine whether the death was sudden or preceded by 
agony and to determine the manner of death [57]. It is essen-
tial to correctly separate the lifetime record from the artifacts 
created after death, e.g. as a result of body transport or med-
ical rescue operations. The impact of the low temperature in 
which the corpse is stored in the mortuary on the operation 
and recording of the device should also be taken into account. 
Another important aspect is the possibility of damage to the 
CIED as a  result of violence, which can be life-threatening. 
 
     Conclusions

Post-mortem analysis of data recorded by CIEDs is an im-
portant addition to the traditional post-mortem examination, 
often providing crucial information for expert opinion on the 
time and circumstances of death, as well as identification of 
the body. Since it is a quick, cheap and widely available pro-
cedure, CIED analysis should be incorporated as a  routine 
element of post-mortem diagnostics. Cooperation between 
forensic medicine specialists and cardiologists seems to be of 
key importance in order to assess the record and its interpre-
tation in the context of the patient’s available medical doc-
umentation as accurately as possible. This procedure would 
allow for a reliable assessment of the circumstances of death 
and identification of any defects or faults of the device, which 
is of key importance for the legal and medical proceedings 
and for improving the safety of future patients using CIEDs. 
It is necessary to conduct further research on post-mortem 
CIEDs analysis, determining the frequency of occurrence of 
potentially life-threatening events caused by malfunctioning 
of the device, which will also enable safety-improving design 
modifications. In addition, routine post-mortem examination 
of CIEDs will help to determine the cause of death in cases 
when the traditional post-mortem examination is inconclu-
sive. Consideration should also be given to the CIED feature 
that allows transferring the recorded data from the device to 
an external server in order to prevent record loss.
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