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Abstract: Objectives: Coronary angiography and emergency coronary revascularizations are critical for decreasing
morbidity and mortality linked to coronary artery disease. Establishing and maintaining this service in armed conflict
and on the battlefield poses challenges; however, it remains achievable. This study aimed to evaluate the results of
coronary angiography in Sudan amid the armed conflict of 2023-2024. Methods: This study utilized a retrospective
descriptive analysis conducted at EI-Obeid International Hospital (Aldaman) in North Kordofan State, Sudan. Patient
data was obtained from the hospital for the period spanning April 15, 2023, to April 30, 2024. Results: Out of 314
diagnostic coronary angiograms, 32% had PCI with DES implantation, 18% showed normal coronary arteries, and
the other 50% were treated with medication and advice from heart surgeons (CTC). Among the 100 patients who
underwent PCl, 64% were male and 36% were female. The predominant age group was 50-59 years, succeeded by
60-69 years, under 50 years, and over 60 years, with incidence rates of 30%, 29.9%, 20.3%, and 18.2%, respec-
tively. Conclusions: The offering of cardiac catheterization laboratory services amid armed conflict poses challenges
but is nonetheless feasible. Despite the tragedy, constrained resources, and the impact of wartime conditions, our
findings were consistent with prior reports both locally and globally.

Keywords: Coronary artery disease, catheterization laboratory, coronary angiography, Sudan, percutaneous coro-
nary interventions, drug-eluting stent

Introduction and women over 55 represent non-modifiable

risk factors for the condition, along with a family

Coronary artery disease (CAD) is the leading
cause of death for both men and women glob-
ally [1]. The level of atherosclerosis and how
far it has progressed, along with the severity of
risk factors for the disease, mainly influence
the long-term results for patients with CAD
[2-5]. Cardiogenic shock is a serious problem
that can occur with CAD, especially during acu-
te coronary syndrome, and it has a high chance
of causing death and requires complex treat-
ment. Emergency coronary revascularization
and circulatory assistance are critical interven-
tions that can preserve life [2]. Men over 45

history of early CAD. Modifiable risk factors in-
clude hypertension, diabetes, tobacco use, dys-
lipidemia, obesity, and inactivity [6]. The cardi-
ac catheterization laboratory (Cath Lab) serves
to diagnose and treat cardiovascular diseases,
ultimately improving patient survival rates.
Patients experiencing out-of-hospital cardiac
arrest in the US have a survival rate of 6-8%,
indicating a critical need for intervention [7].

Coronary angiography utilizes X-rays to assess
the arteries and blood supply of the heart, mak-
ing it a widely performed procedure worldwide.
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The femoral artery has been the predominant
vascular access site for this surgery for dec-
ades. Radial access is increasingly preferred
due to its enhanced safety and practicality as a
vascular access method. The distal transradial
technique has shown promise as a safer way to
access blood vessels for both testing and treat-
ment in heart-related and other medical situa-
tions [8, 9].

Primary angioplasty is the top treatment for
patients with ST-elevation acute coronary syn-
drome (STE-ACS), which is a major cause of
death and increasing heart issues around the
world. Cardiac catheterization is a common
procedure, with over one million diagnostic cor-
onary angiograms conducted in the United
States in 2011 [10].

In Sudan, cardiovascular disease represents
the leading cause of mortality in hospitals and
demonstrates a significant prevalence within
the community [11].

Despite the negative impact of the Sudan con-
flict on the community and resources, especial-
ly the healthcare system, specialized medical
teams continue to save the lives of numerous
patients in critical conditions. Delivering ca-
theterization laboratory services post-calamity
presents significant challenges due to a lack of
operational supplies and qualified personnel.
This study sought to investigate the results of
coronary angiography in Western Sudan from
2023 to 2024, corresponding with the peak of
the conflict.

Materials and methods
Study design

A retrospective descriptive analysis was con-
ducted at EI-Obeid International Hospital in
Aldaman, North Kordofan State, Sudan. Data
were collected pertaining to patients who
underwent procedures at the EI-Obeid Inter-
national Hospital catheterization laboratory
from April 15, 2023, to April 30, 2024.

Inclusion and exclusion criteria

Data regarding patients who received diagnos-
tic coronary angiography and drug-eluting stent
(DES) implantation during the designated time
frame were incorporated into the study.
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Patients with heart conditions who presented
during the designated time frame but did not
undergo the recommended procedure were
excluded from the study.

Procedure

A catheter, which is a thin and flexible tube, is
carefully threaded into the heart via an artery in
the arm. Contrast media is injected via the
catheter to examine cardiac blood channels.
Blood flow is assessed using rapid X-ray imag-
ing techniques, specifically fluoroscopy. A
minor skin incision is required for the test.
Angioplasty and stenting effectively restore
patency in obstructed arteries during coronary
angiography.

Data collection

The sample size represents the total number of
patients who underwent the procedure within
the specified time frame, approximately one
year after the onset of the Sudan conflict in
2023-2024. A total of 314 patients who under-
went diagnostic coronary angiography and
drug-eluting stent (DES) implantations were
evaluated. All patient records were reviewed to
obtain the necessary information, including
age, sex, education, occupation, residence,
and other diagnostic investigations.

Statistical analysis

All acquired data were organized into data
sheets prior to entry into the Chicago-based
statistical package for social science (SPSS)
version 24. The data were analyzed to ascer-
tain frequencies, percentages, and cross-tabu-
lations.

Results

This study included 314 patients, aged 25 to
89 years, with a mean age of 57.97 years and a
standard deviation of 12.1 years. Of the 314
patients, 189 (60.2%) were male and 125
(39.8%) were female. Most cases are observed
in the 50-59 age group, followed by the 60-69,
under 50, and over 70 age categories, with
respective rates of 99/314 (30%), 94/314
(29.9%), 64/314 (20.3%), and 57/314 (18.2%).
Most patients were illiterate, with subsequent
educational levels represented as follows:
university (186/314, 59.2%), basic (56/314,

Am J Cardiovasc Dis 2025;15(2):131-138



Outcomes of coronary angiography in Sudan

Table 1. Shows the distribution of the study population in terms of
demographic characteristics

Variable Males Females Total
N =189 % N=125 % N=314 %

Age
<50 years 36 56 28 44 64 20
50-59 56 57 43 43 99 32
60-69 65 69 29 31 94 30
>70 32 56 25 44 57 18

Education
llliterate 96 52 90 48 186 59
Basic 25 74 9 26 34 11
Secondary 22 76 7 24 29 9
University 40 71 16 29 56 18
Postgraduates 6 67 3 33 9 3

Occupation
Farmers 33 79 9 21 42 13
Employees 18 69 8 31 26 8
Armed forces 7 58 5 42 12 4
Teachers 13 54 11 46 24 8
Students 2 100 0 0 2 0.6
Health workers 4 80 1 20 5 1.6
Jobless 16 17 77 83 93 30
Retired 13 81 3 19 16 5
Labors 64 88 9 12 73 23
Businessmen 19 90 2 10 21 7
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Figure 1. The image shows the distribution of the study populations accord-

ing to demographic features.

17.8%), secondary (34/314, 10.8%), postgrad-
uate (29/314, 9%), and illiterate (9/314, 2%).

with respective representa-
tions of 93 (29.6%), 73
(23.2%), 42 (13.4%), and 26
(8.3%), as illustrated in Table
1 and Figure 1.

Table 2 and Figure 2 pre-
sent the demographic distri-
bution of the study popula-
tion. Approximately 300 indi-
viduals (95.5%) were classi-
fied within the low socioeco-
nomic class. A majority of
patients, 272 (86.6%) out of
314, were married, whereas
22 (7%) identified as single.
A total of 161 individuals
(51.3%) lived in rural areas,
while 153 individuals (48.7%)
were urban residents.

Figure 3 illustrates that out
of 314 patients undergoing
diagnostic coronary angiogra-
phies, 115 (36.62%) receiv-
ed medication, 100 (31.84%)
underwent percutaneous cor-
onary intervention (PCI) with
drug-eluting stent (DES) im-
plantation, 57 (18.15%) exhib-
ited normal epicardial coro-
nary vessels, and 42 (13.37%)
were referred to a cardiotho-
racic conference (CTC).

Of the 57 patients with nor-
mal epicardial coronary ves-
sels, 26 (45.6%) were male
and 31 (54.4%) were female.
The relative risk (RR) and the
95% confidence interval (Cl)
indicate the level of risk asso-
ciated with epicardial coro-
nary vessels in women. The
relative risk (95% confidence
interval) is 1.8471 (1.1557 to
2.9521), with a p-value of
0.0103. Of the 115 patients
scheduled for medical thera-
py, 68 (59.1%) were male and
47 (40.9%) were female. Fe-

males exhibited greater susceptibility to medi-
cal therapy compared to males; the relative risk

(95% confidence interval) was 1.0451 (0.7779

The majority of patients were unemployed, fol-
lowed by laborers, farmers, and employees,

to 1.4040), with a p-value of 0.7698. In the PCI
group, male representation constituted 64 indi-
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Table 2. Summarizes the distribution of the study population in
terms of demographic characteristics

Variable Males Females Total
N=189 % N=125 % N=314 %
Socioeconomic class
Low 177 59 123 41 300 96
Middle 12 86 2 14 14 4.5
Marital Status
Single 12 55 10 45 22 7
Married 164 60 108 40 272 87
Divorced 5 56 4 44 9 3
Widowed 8 73 3 27 11 4
Residence
Rural 99 62 62 38 161 51
Urban 90 59 63 41 153 49
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Figure 2. The image depicts the distributions of the study populations ac-

cording to demographic factors.
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Figure 3. The image illustrates the results of coronary angiography.

viduals (64%) out of 100, whereas female rep-
resentation comprised 36 individuals (36%)

out of 100. Males exhibit a
higher likelihood of necessi-
tating PCI (RR = 1.1758, 95%
Cl = 0.8368-1.6521, P =
0.3507). The CTC group con-
sisted of 31 males (73.8%)
and 11 females (26.2%) out
of a total of 42 participants.
Males exhibit a notably higher
CTC uptake (RR = 1.8639,
95% Cl =0.9733-3.5692), P =
0.0603, z statistic = 1.878.

The majority of patients with
normal epicardial coronary
vessels were aged 50 to 59
years. The subsequent pre-
valent age groups includ-
ed those under 50 years,
over 70 years, and those ag-
ed 60 to 69 years, compri-
sing 22/57 (38.56%), 13/57
(22.8%), 12/57 (21%), and
10/57 (17.5%) of the patients,
respectively. The primary age
group receiving medical care
was 60-69 years, accounting
for 38 out of 115 cases (33%),
followed by the 50-59 years
group, which represented 29
out of 115 cases (25.2%).
Most PCI patients were ag-
ed 60-69 years, representing
31% (31/100), followed by
the 50-59 years group at
30% (30/100), those under
50 years at 22% (22/100),
and patients aged 70 years
and above at 17% (17/100).
Table 3 and Figure 4 indi-
cate that most individuals in
the CTC group were aged 50
to 59, with 18 participants
(42.9%) in this category, while
15 participants (35.7%) were
aged 60 to 69.

Table 4 and Figure 5 pre-
sent the results of coronary
angiography. The data encom-
pass education level, socio-
economic status, marital sta-
tus, and residence. All vari-

ables yielded comparable results, with no sig-
nificant differences identified.
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Table 3. The distribution of coronary angiography results by sex, age group, and education

. Normal Medical therapy PCI CTC Total
Variable
N % N % N % N % N %

Sex

Males 26 14 68 36 64 34 31 16 189 60

Females 31 25 47 38 36 29 11 9 125 40

Total 57 18 115 37 100 32 42 13 314 100
Age group

<50 years 13 20 24 38 22 34 5 8 64 20

50-59 22 22 29 29 30 31 18 18 99 32

60-69 10 11 38 40 31 33 15 16 94 30

>70 12 21 24 42 17 30 4 7 57 18
Education

llliterate 37 20 64 34 60 32 25 13 186 59

Basic 5 15 18 53 8 24 3 9 34 11

Secondary 7 24 15 52 3 10 4 14 29 9

University 6 11 15 27 25 45 10 18 56 18

Postgraduate 2 22 3 33 4 44 0 0 9 3
70% 80% due to safety apprehensions,
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Figure 4. The image depicts a description of the outcomes of coronary angi-

ography, including sex, age group, and education.

Discussion

Cardiovascular problems are a serious ailment
that generally requires immediate intervention,
bolstered by sufficient hospital facilities, skilled
personnel, and availability of suitable thera-
pies. During conflicts, numerous aspects gen-
erally deteriorate, leading to reduced service
quality and negative patient outcomes. This
study presents a group of patients admitted to
our center during the tumultuous era of the
Sudan war. Throughout this period, several
patients could not access the hospital promptly
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and several staff members

were likewise unable to att-
60% end to deliver services. Con-
50% sequently, we aimed to exam-

ine the outcomes of these

patients during these arduous
30% periods.

70%

40%

o Notwithstanding progress in

10% the management of cardio-
vascular diseases, including
cardiac catheterizations and
various laboratory services,
morbidity and mortality rates

0%

Total persistently remain alarmingly

elevated, especially among
patients with acute coronary
syndromes. In Sudan, the
most prevalent cardiac cathe-
terization operations include diagnostic coro-
nary angiograms, left and right heart catheter-
izations, percutaneous coronary interventions,
and permanent pacemaker implantations [11].

The international society acknowledges the
catastrophe of Sudan’s 2023 conflict and its
resulting destruction of the healthcare indus-
try, especially in interventional cardiology ser-
vices. Given the substantial challenges related
to staff safety, equipment availability, opera-
tional supply chains, and financial limitations,
we conducted this study to evaluate the results

Am J Cardiovasc Dis 2025;15(2):131-138
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Table 4. The distribution of coronary angiography results by demographic characteristics

. Normal Medical Therapy PCI CTC Total
Variable
N % N % N % N % N %

Socioeconomic

Low 56 19 108 36 97 32 39 13 300 96

Middle 1 7 7 50 3 21 3 21 14 5

Total 57 18 115 37 100 32 42 13 314 100
Marital status

Single 3 14 10 45 9 41 0 0 22 7

Married 48 18 96 35 89 33 39 14 272 87

Divorced 3 33 4 45 1 11 1 11 9 3

Widowed 3 27 5 45 1 9 2 18 11 4
Residence

Rural 27 17 61 38 51 31 22 14 161 51

Urban 30 20 54 35 49 32 20 13 153 49

==t Normal n=57

PCIl n=100 CTCn=42

—¥— Total n=314
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80%
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Figure 5. The image presents the results of coronary angiography catego-

rized by demographic characteristics.

of coronary angiography during this turbulent
period in our nation’s history, characterized by
a significant disruption of the healthcare sys-
tem, especially impacting interventional cardi-
ology services.

Given the geographical setting of our center,
situated in a combat zone, we encounter a sig-
nificant shortage of operational supplies, and
our foremost concern does not relate to ammu-
nition or guns. Thus, the execution of 314 coro-
nary angiography procedures within a single
year appears quite insignificant in comparison
to our previous accomplishments before to the
disaster. Notwithstanding these constraints,
we welcomed patients from many regions
across the nation.
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The current study indicated a
higher male population, with a
percentage slightly below the
previously documented figure
of 65.7% from Sudan, as well
as several other international
publications [12]. The partici-
pants’ mean age in this study
was closely correlated with
previously reported data from
Sudan [13].

In our study, 32% of patien-
ts underwent PCI with DES
implantation, resulting in a
PCI:CAG (coronary angiogram)
ratio of 0.32. This value sur-
passes the findings of earlier
national studies, which re-
ported a rate of 23% from a
total of 12,256 diagnostic coronary angio-
grams, resulting in a PC1:CAG ratio of 0.23
[11]. The restricted sample size of our study,
compared to previous research, along with the
availability of noninvasive assessments at
certain facilities in Sudan, may clarify this
conclusion.

URBAN

A close correlation was identified between
the normal epicardial coronary vessels ob-
served in this study and those recorded in
the existing medical literature [14]. The ratio
demonstrates variability, with certain studies
showing elevated rates [15] and others in-
dicating diminished rates [16]. This study’s
results indicate that normal coronary outcomes
are more prevalent in females, aligning with

Am J Cardiovasc Dis 2025;15(2):131-138
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previous national [17] and worldwide [18]
findings.

Prior to undergoing invasive coronary angiogra-
phy, individuals with chronic coronary syn-
dromes, particularly those with low to moder-
ate cardiac risk, should undergo a noninvasive
cardiac evaluation utilizing established meth-
odologies such as cardiac magnetic resonance,
dobutamine stress echocardiography, and
myocardial perfusion imaging. However, these
investigative techniques are not widely avail-
able in the country [19].

Although our center lacks these noninvasive
investigations, our results about normal coro-
nary arteries are consistent with those report-
ed both nationally and globally, demonstrating
effective patient selection and comprehensive
clinical evaluation [20].

While the present study provides a significant
addition to the little literature on cardiology in
Sudan, it is not devoid of limitations, particu-
larly its retrospective approach. This design is
mostly dependent on the information available
in the patient’s file. Future investigations in this
context are considered highly important.

Conclusion

Delivering cardiac catheterization laboratory
services in conflict situations, including war-
time, presents challenges; nonetheless, it
remains feasible. In spite of the tragedy, our
findings aligned with previous reports at both
local and global levels. The main strategies
employed in the management of patients dur-
ing wartime include medical therapy, PCl, and
CTC. In western Sudan, men are more prone
to heart issues compared to women. Most
patients come from rural areas.
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