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Abstract
Objectives

This study aims to investigate the frequency of rectus sheath hematoma (RSH), clinical findings, imaging
findings, and prognosis in patients admitted to the hospital due to COVID-19.

Methods

In this retrospective study, the patient's demographic characteristics, known diseases, laboratory values,
RSH-related symptoms, the treatment they received, imaging modality used to diagnose RSH, and side and
size of RSH were recorded. In addition, the inpatient ward to which the patients were admitted, length of
hospital stay, time from the beginning of anticoagulant use to the diagnosis of RSH, and prognosis were
noted.

Results

A total of 9,876 patients were admitted to the hospital due to COVID-19 and started anticoagulant
treatment. Of these patients, 12 (0.12%) were determined to have RSH (female/male ratio: 5). The
prothrombin time, activated partial thromboplastin time, international normalized ratio, hemoglobin, and
hematocrit values of 11 patients were within the reference ranges. The mean length of hospital stay was 12
(4.25-22.5) days, and the duration of anticoagulant use was 5.5 (4-10.75) days. RSH was diagnosed using
USG in 10 patients and CT in two patients.

Conclusion

There has been an increase in the use of anticoagulants due to COVID-19, and accordingly, RSH is now more
frequently diagnosed and has a more fatal course. Female gender, advanced age, severe COVID-19 disease,
and elevated d-dimer at the time of presentation can be considered risk factors for the development of RSH.
All physicians who treat and follow up on patients with COVID-19 should consider the possibility of RSH in
the differential diagnosis of patients with acute abdominal pain and palpable masses. USG should be
undertaken as the first-line imaging modality for the diagnosis of patients, but CT may also be necessary to
detect RSH in some cases.
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Introduction

Rectus sheath hematoma (RSH) is a rare cause of acute abdominal pain. In the literature, it has been
reported that the underlying pathophysiological mechanism of this entity is a rupture in the epigastric
arteries or rectus muscles. Furthermore, the use of anticoagulants has been shown to be one of the most
important factors causing RSH. RSH has been reported to be responsible for unexplained abdominal pain in
approximately 2% of hospitalized patients in the general population [1,2]. In addition to anticoagulant
treatment, cough, straining, exercise, hypertension, obesity, previous abdominal surgery, subcutaneous
injection, and trauma are known to be predisposing factors for RSH [3].

Today, it is known that in addition to pulmonary involvement, systemic involvement also plays an important
role in mortality and morbidity in COVID-19 infection [4,5]. Thromboinflammatory events have been shown
to be involved in the mechanism of this disease. The virus activates the infection-related coagulation
pathway by attaching to the receptors on the endothelial surface [6]. Accordingly, venous thromboembolism,
acute stroke, myocardial infarction, acute venous thromboembolism, and acute venous and arterial
thrombotic complications related to COVID-19 have been described in the literature [7-9]. Since thrombotic
events have been reported by many studies, it is recommended to initiate prophylactic and anticoagulant
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treatment in the early phase of COVID-19 disease. Although there is no consensus in the guidelines
concerning the dose of treatment, antithrombotic use is currently accepted as a routine treatment [10].
However, although the routine use of anticoagulant therapy is beneficial in the treatment of COVID-19, RSH
may develop secondary to this treatment and can follow a fatal course in some cases [1,11]. Therefore, it is
important to diagnose RSH in patients with COVID-19 and effectively manage this disease. Due to the
relatively lower incidence of RSH among the other causes of acute abdominal pain, all physicians providing
care for patients diagnosed with or recovered from COVID-19 should be familiar with this entity to prevent
unnecessary laparotomies and even death.

In the literature, there are only a limited number of studies on RSH in patients with COVID-19. Therefore,
this study aimed to investigate the frequency of RSH, clinical and imaging findings, and prognosis in
patients admitted to the hospital due to COVID-19.

Materials And Methods

This research was planned as a retrospective observational study. Ethical approval was obtained for this
study from the Ethics Committee of Yildirim Beyazit University, Yenimahalle Training and Research
Hospital. For the study, patients who were hospitalized due to COVID-19 between March 2020 and July 2022
were identified from hospital records. Among these patients, those with a diagnosis of RSH were noted.
During the study period, the hospital was commissioned by the health authority to provide outpatient,
inpatient, and intensive care services only for patients with COVID-19.

The patients’ demographic characteristics of patients (age, gender), known diseases, laboratory values,
symptoms associated with RSH, the treatment they received, imaging modality used to diagnose RSH, and
side and size of RSH were recorded. International normalized ratio (INR), activated partial thromboplastin
time (aPTT), prothrombin time (PT), d-dimer, hemoglobin (Hgb), hematocrit (Hct), C-reactive protein (CRP),
and ferritin were recorded from laboratory data. Furthermore, the hospital unit to which the patients were
admitted (inpatient ward, intensive care unit), length of hospital stay, time from the beginning of
anticoagulant use to the diagnosis of RSH, and prognosis were noted for all the patients. The severity of
COVID-19 was evaluated according to the World Health Organization classification [12].

SPSS Statistics version 22.0 (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corp.) was used for statistical analyses. Descriptive statistics were presented as mean
standard deviation values for continuous data and median, percentage, and range values for discrete data.

Results

During the study period, a total of 9,876 patients, 4,660 women and 5,216 men, were admitted to the
inpatient wards and intensive care unit due to COVID-19, and anticoagulant treatment at therapeutic doses
was started in these patients. Of these patients, 12 (0.12%) were determined to have RSH. Ten of these
patients (83.3%) were female and two (16.7%) were male (female/male ratio: 5). The mean age of the whole
cohort was 54.98 = 16.71 years, 56.57 = 17 years for the women and 53.56 * 16.32 years for the men. The
mean age of the patients with RSH was 68.25 * 19.41 years, and that of the male and female patients with
RSH was 59.5 * 28.99 years and 70 * 18.63 years, respectively. The demographic and clinical characteristics
of the patients are summarized in Table /.
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Patient
Age

number

1 36
2 94
3 65
4 43
5 68
6 80
7 88
8 72
9 79
10 85
11 40
12 70

TABLE 1: Demographic and clinical characteristics of the patients

Chronic

.

therapy

None

None

None

None

ASA + clopidogrel

None

None

ASA

None

None

ASA

ASA

treatment

LMWH

LMWH

LMWH

LMWH

LMWH

LMWH

UFH

LMWH

LMWH

LMWH

LMWH

LMWH

Day of

LMWH

Length of ward

stay

28

25

Length of ICU

stay

NA

NA

NA

NA

25

NA

NA

NA

Modality

us

Us+CT

uUs+CT

us

us

uUs+CT

us

us

us

uUs+CT

CT

CT

RHS

side

Right

Bilateral

Right

Left

Left

Right

Right

Right

Right

Left

Left

Bilateral

RHS size

(mm)

17x9

59x30

100x55

100x68

36x28

60x39

61x28

120x38

80x50

54x24

57x40

58x34

Management

Conservative

PRBC

Conservative

PRBC

Conservative

PRBC

PRBC

PRBC + FFP

PRBC + FFP

Conservative

Conservative

Conservative

Mortality

Alive

Alive

Alive

Alive

Alive

Alive

Dead

Dead

Dead

Alive

Alive

Alive

RHS: rectus sheath hematoma; LMWH: low-molecular-weight heparin; UFH: unfractionated heparin; ASA: acetylsalicylic acid; PRBC: packed red blood
cell; FFP: fresh frozen plasma; ICU: intensive care unit; USG: ultrasonography; CT: computed tomography; NA: not applicable

The mean laboratory values of the patients at the time of presentations were measured as follows: PT, 13.05
(12.5-14.13) sec; aPTT, 23.65 (22.43-26.35) sec; INR, 1.1 (1.03-1.18); d-dimer, 1.3 (0.8-3.5) mg/L; Hgb, 12.35
(11.75-14.25) g/d1; Het, 38.25% (36.15-43.35%), and CRP, 31.4 (13.73-113.4) mg/dL. In 11 patients, the PT,

aPTT, INR, Hgb, and Hct values were within the reference ranges at presentation. Data on ferritin were

available for nine patients, for whom the mean ferritin value was calculated as 120 (71.8-503.41) ng/mL. The
mean CRP, ferritin, and d-dimer values were above the reference ranges at the time of presentation. Table 2

summarizes the lowest or highest laboratory values of the patients at presentation.
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TABLE 2: Laboratory values of the patients

Patient

number

Admission
Hgb/min Hgb
(11-17 g/d1)

11.9/11
9.6/4.9
12.2/8.2
15.9/8.2
12.2/9.8
14.3/7.5
12.9/9.9
11.7/4.9
12.5/6.6
10.1/8.2
17/16.4

14.1/9.4

Admission Admission Admission Admission Admission d- CRP Ferritin
Hct/min Het aPTT/max aPTT INR/max INR  PT/max PT dimer/max d-dimer  (0-5 (4.63-204
(36-51%) (21.6-28.7 sec) (0.8-1.2) (10-15 sec) (0-0.55 mg/L) mg/dL) ng/mL)
36.3/36.1 24.1/28.3 171 12.5/12 0.39/0.41 11.2 29.76
31/15.3 21.8/26.1 11.3 11.8/16 4.01/9.17 18.9 76.6
37.3/25.2 23.1/23.1 1.1/1.1 12.7/12.8 1.04/3.85 164.2  561.93
50/26.4 23.9/25.1 1.11.3 13.6/15.5 26.59/26.59 112.8 112.5
37.9/29.5 23.2/28 1.11.2 13/14.5 1.2/2.65 12 NA
43.6/23 21.6/24.3 1711 12.2/13 0.72/0.8 113.6 120
38.6/31.2 26.8/26.8 1.211.2 14.2/14.2 26.58/28.73 34.8 541.81
36.1/16.2 27.5/28 1.21.3 14.9/15 1.95/2.65 20.9 67
39.6/19.9 23.4/25.6 1.11.2 13.9/14.2 1.39/10.51 27.9 465
31.4/25.9 25/25.5 1.1/1.1 13.1/13.5 1.51/1.64 186.5 2024
51.5/49.7 27.7/35.8 2/2.3 22.4/25.5 0.19/0.2 9.7 NA
42.6/29.5 22.2/23 1.11.2 12.5/13 1.1/1.42 110 NA

Hgb: hemoglobin; Hct: hematocrit; min: minimum; aPTT: activated partial thromboplastin time; max: maximum; INR: international normalized ratio; PT:
prothrombin time; CRP: C-reactive protein

According to the COVID-19 disease classification of the World Health Organization, three (25%) patients

had critical disease, five (41.7%) had severe disease, and four (33.3%) had moderate disease. At the time of
the first hospitalization, nine patients were admitted to the inpatient wards and three to the intensive care
unit. Later, one patient was transferred to intensive care due to RSH and another due to the progression of

COVID-19. The mean length of hospital stay was 12 (4.25-22.5) days, and the mean duration of
anticoagulant use was 5.5 (4-10.75) days. The treatment of all hospitalized patients was arranged following
the Guidelines of the Turkish Ministry of Health [13]. Accordingly, Prednol was given to all 12 patients with
RSH and low-molecular-weight heparin (LMWH) to 11 of these patients. The doses of LMWH were adjusted
during daily visits according to the d-dimer levels and disease severity of the patients according to the same
guidelines. All the patients received a therapeutic dose of anticoagulant therapy until the diagnosis of RSH.
Nine patients had at least one chronic disease (hypertension in eight, diabetes mellitus in three, coronary
artery disease in three, chronic kidney disease in one, asthma in one, and a history of cerebrovascular events
in one). Four patients were routinely receiving anticoagulant therapy, which was continued during the
hospital stay of the patients until they were diagnosed with RSH.

Symptoms before the diagnosis of RSH were abdominal pain in six patients, sudden decrease in Hgb in two
patients, low back pain in one patient, general condition disorder and diffuse abdominal pain in one patient,
palpable mass in one patient, and ecchymosis in one patient. Six patients were followed up with
conservative treatment. Packed red blood cell replacement was performed in the remaining six patients, and
fresh frozen plasma replacement was additionally undertaken in two patients. Mortality occurred in three
critically ill patients who had been admitted to the intensive care unit. Two of the deceased patients
experienced a dramatic drop in Hgb, while the other had widespread abdominal pain and a general
deterioration in health status. Therefore, the cause of death in the two cases was determined to be RSH. In
the third patient with COVID-19-related poor health, RSH was added to this. RSH was considered a potential
factor in the death of this patient.

RSH was diagnosed using USG in 10 patients and intravenous contrast-enhanced CT in two. Direct non-
contrast CT was performed to determine the etiology in two patients with abdominal pain (Figures 1, 2).
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FIGURE 1: RSH located in the left rectus muscle. Axial CT images
(Patient 11)

FIGURE 2: RSH located in the left rectus muscle. Coronal CT image
(Patient 11)

In four cases diagnosed with RSH using USG, the diagnosis was subsequently confirmed by CT (Figures 3-6).
However, a CT examination could not be performed on three patients who had been directly admitted to the
intensive care unit and one patient who had been transferred to the intensive care unit due to the
deterioration in her clinical condition. These four patients were followed up with bedside USG. In the
remaining two patients, CT was not considered necessary due to their good general conditions and lower
decrease in Hgb.
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FIGURE 3: USG image taken in the RSH acute-subacute period with a
high-frequency linear probe at the time of first diagnosis (Patient 10)
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FIGURE 4: Doppler USG image showing no vascularity region of interest
in the lesion (Patient 10)
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FIGURE 5: Left RSH (arrow) on axial CT image taken after USG on the
same day (Patient 10)
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FIGURE 6: USG image taken four days later after diagnosis showing
increased echogenicity of RSH (Patient 10)

Discussion

In the literature, RSH is generally described as a rare self-limiting condition. However, it has also been
reported to have a fatal course, albeit rarely [14]. It is known that COVID-19 predisposes patients to
thrombosis. A previous study reported the rate of arteriovenous thromboembolism as 6.6%, pulmonary
thromboembolism as 2.4-35%, isolated DVT of the lower limbs as 0.9-54%, proximal DVT as 0.5-25%, and
major bleeding as 2.7% in patients with COVID-19 [9]. Therefore, although there are different anticoagulant
recommendations in different guidelines, anticoagulant therapy has been and is still widely used in patients
with COVID-19 [8].

Although the mean mortality rate in patients with RSH is reported to be 4%, there are studies showing that
this rate reaches 25% with the use of anticoagulants [15]. In a study conducted with COVID-19 cases, RSH
mortality was found to be 55.5% [1]. In the present study, the mortality rate was 25%, which is higher than
reported for the general population. In a previous study, it was determined that the bleeding rate was 5.6%
in critically ill COVID-19 cases receiving anticoagulant prophylactic treatment [16]. In addition, in a study
evaluating 5,484 patients hospitalized due to COVID-19, hemorrhage or hematoma was detected in 56 (1%)
patients. It was noted that hematoma was detected in 11 of these patients, of whom two (0.04%) had RSH
[17]. In another recent study, it was shown that the probability of RSH in patients referred for consultation
due to acute abdominal pain was three times higher than reported for the general population [18]. In the
current study, we detected RSH in 12 patients (0.12%) among the 9,876 COVID-19 cases. All these data
support the higher frequency of RSH in patients with COVID-19 compared to the general population.

The study showed that the female-male ratio of RSH was found to be 5:1. Previous studies have reported
that RSH is more common in women than in men with a ratio of 2.3:1 due to women having less muscle
mass and pregnancy [19]. This ratio was reported to be 1.6:1 in a study conducted with patients with COVID-
19 [18]. Consistent with the literature, the majority of patients with RSH were women. It is known that the
frequency of RSH diagnosis increases with age. In studies conducted in the general population, the mean age
was reported to be in the range of 46-69 years [20]. In two studies investigating the presence of bleeding and
hematoma in patients with COVID-19, this rate was determined as 65 years and 78 years, respectively [1,19].
In the present study, nine patients with RSH were aged over 65 years, and the mean age of all the patients
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with RSH was 68.25 + 19.41 years.

When the laboratory data of the patients were evaluated, there was a difference of 4.35 (2.03-6.58) g/dl and
12.6% (5.98-19.85%) between the presentation and minimum values of Hgb and Hct, respectively. As
reported in the literature, Hct values may not always change in small hematomas. However, as in all
hemorrhage cases, frequent Hgb and Hct follow-up is recommended to evaluate the need for transfusion or
other treatment options [21]. The study determined the mean d-dimer value of the patients as 1.3 (0.8-3.5)
mg/L at the time of presentation. In a study conducted with COVID-19 cases that developed hematomas, it
was reported that the d-dimer values were elevated in both the mortality and non-mortality groups and
higher in the mortality group [17]. In the present study, RSH was detected at the earliest two days after the
patients were diagnosed with COVID-19 and started to use anticoagulants. The mean length of hospital stay
was 12 (4.25-22.5) days, ranging from 2 to 29 days. In a study conducted on COVID-19 cases, a patient was
reported to have bleeding on the fourth day of treatment [17]. Therefore, the study considers that there is no
relationship between the duration of treatment and bleeding in patients with COVID-19.

Although abdominal pain is the most common symptom described in the literature in patients with RSH,
there is no specific symptom that directs the clinician to the diagnosis of RSH [19,20,22]. Therefore, the
diagnosis of RSH is mostly made using imaging methods. In the study, 10 patients were diagnosed with RSH
using USG, and then the diagnosis was confirmed by CT if needed. The remaining two patients were directly
diagnosed with CT. When investigating the etiology of acute abdominal pain, USG is the first-choice method
for diagnosis due to its inexpensive and accessible nature and reliable findings [23]. USG is also the method
of first choice in the diagnosis and follow-up of RSH [24]. In addition, as in this study, patients with critical
conditions can be followed up with bedside USG. Generally, high-frequency probes are used in USG to
evaluate muscle injuries and hematomas in the abdominal wall. However, in the presence of fluid collection
and large hematomas, convex probes can also be used for diagnosis [25,26]. Imaging characteristics vary
according to the time of bleeding. A hematoma is usually visualized as a collection of hypoechoic fluid
within 24-48 hours of development, while echogenic solid components begin to increase in the periphery
over the hypoechoic center within 48-72 hours. At a more advanced stage, scar tissue begins to form with
fibroblast and connective tissue accumulation, and a mass appearance is prominent [26,27]. However, it
should be kept in mind that the sensitivity of USG is 80-90% at RSH detection, and it may give false
information concerning the origin of the detected mass [24].

The gold standard method for the diagnosis of RSH is a CT examination, allowing for a more definitive
diagnosis than USG. The sensitivity and specificity of CT can reach 100% for RSH. It provides more accurate
information about the location, size, and extent of the lesion and the nature of the hematoma. It can also be
used to exclude other acute abdominal pathologies [2,28]. On non-contrast CT, RSH can typically be
visualized as a hyperdense mass (60-80 HU). It is also detected as an isodense or hyperdense mass with a
mixed pattern and fluid-fluid level [29,30]. In addition, CT angiography can show whether there is active
bleeding into the hematoma in patients with clinical worsening. Bleeding is observed as a high-density area
similar to the vessel within the hematoma [30]. In MRI, there are different imaging characteristics in
sequences according to the bleeding time, and the diagnosis can be easily made based on these differences.
However, MRI has no place in the diagnosis of RSH among routine diagnostic tools, and it is only indicated
in cases where the differential diagnosis of a mass is uncertain with CT after five days of hematoma
development [20].

The study has certain limitations. First, it was designed retrospectively. Second, the number of patients was
small because the diagnosis of RSH is relatively rare. Studies with larger patient populations can further
contribute to the literature. Furthermore, only three patients died in our study, and, therefore, the study was
not able to compare the mortality and non-mortality groups in terms of risk factors. Such a comparison may
provide more useful data for a better understanding of risk factors for RSH-related mortality in patients with
COVID-19.

Conclusions

RSH is generally known as a self-limiting and rarely fatal disease. However, there has been an increase in

the use of anticoagulant drugs in both prophylactic and therapeutic doses with the COVID-19 pandemic.
Both due to the nature of COVID-19 and secondary to related treatment, bleeding complications increase in
these patients. Therefore, RSH has become more common and more fatal. In addition, female gender,
advanced age, severe COVID-19 disease, and elevated d-dimer elevation at the time of presentation to the
hospital can be considered risk factors for the development of RSH. All physicians who treat and follow up on
patients with COVID-19 should consider the possibility of RSH in differential diagnosis, especially in cases
with risk factors and acute abdominal pain or palpable abdominal masses. Furthermore, it should be known
that USG is the first-choice imaging modality to be performed in the diagnosis of RSH, but CT may also be
necessary to diagnose RSH in some cases.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Ethics Committee of the
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Yildirim Beyazit University, Yenimahalle Training and Research Hospital issued approval E-2022-46. All
procedures performed in studies involving human participants were in accordance with the ethical
standards of the institutional (Ethics Committee of the Yildirim Beyazit University, Yenimahalle Training
and Research Hospital number: E-2022-46) research committee and with the 1975 Helsinki Declaration and
its later amendments or comparable ethical standards. Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
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