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Background: COVID-19 and delayed hip surgery are well-known risk factors for thromboem-
bolism in elderly patients.

Case: We report the case of an 88-year-old female patient with COVID-19 and pulmonary
thromboembolism (PTE) who underwent delayed hip surgery 21 days after the injury. Hepa-
rinization and inferior vena cava filters were used to treat and prevent PTE. Transesophageal
echocardiography and extracorporeal membrane oxygenation (ECMO) sheaths were insert-
ed as a precaution in case of emergencies during surgery; the procedure was performed
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without any specific event.

Jun Hyun Kim, M.D., Ph.D.
Department of Anesthesiology and
Pain Medicine, Inje University lisan
Paik Hospital, 170 Juhwa-ro, llsanseo-
gu, Goyang 10380, Korea

Tel: 82-31-910-7067

Fax: 82-31-910-7184

E-mail: ishmael@paik.ac.kr

Conclusions: COVID-19-infected patients suffering from a hip fracture have a high risk of
thromboembolism, and therefore, require utmost attention for appropriate evaluation and
prevention.
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With the increase in elderly population, the rate of hip sur-
geries in elderly patients is gradually increasing. Worldwide,
more than 1.5 million adults are diagnosed with hip frac-
tures annually [1]. Early hip surgery is known to be effective
in reducing mortality, and surgical treatment is recom-
mended as soon as possible after injury [1]. Delayed surgery
for hip fractures is a well-known risk factor for venous
thromboembolism [2]. The overall incidence of thrombo-
embolic disease in patients with hip fracture is 11.9%. De-
layed surgery increases the incidence and relative risk of
thromboembolic disease. When surgery was delayed by one

day, the incidence and relative risk increased to 14.5% and
2.32, respectively, while after seven days, the incidence was
33.3% and the relative risk was 3.71 [2]. Therefore, hip sur-
gery is recommended at the earliest following injury. How-
ever, the recent coronavirus disease (COVID-19) era has led
to some delay in surgeries due to screening and quarantine
[3]. Several studies have reported that COVID-19 can induce
a hypercoagulable state and cause multiple thromboembol-
ic events [4].

We report a case of intraoperative anesthetic management
in a patient with preoperative asymptomatic pulmonary
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thromboembolism (PTE) who tested positive for COVID-19
after a hip fracture and and underwent delayed surgery 21
days after injury.

CASE REPORT

Written informed consent for the procedure and publica-
tion of this report was obtained from the patient and her
family members. The Institutional Review Board waived the
review of this case (IRB no. 2022-12-015). This case report
was written according to the recommendations of the Case
Report (CARE) guidelines.

An 88-year-old female patient (height, 150 cm; weight, 50
kg; body mass index, 22.2 kg/m?*) was transferred to our hos-
pital with right hip pain after falling while walking using a
walker 18 days before the hospital visit. The patient had a
history of hypertension and dementia. After several days of
conservative observation at home, there was no improve-
ment in the hip pain. Initially, she visited another hospital
four days after the injury, was diagnosed with an intertro-
chanteric fracture, and underwent the planned surgical
treatment. During the preoperative evaluation, the patient
was diagnosed with COVID-19 and transferred to an isola-
tion ward. After one day in the isolation ward, the patient’s
blood pressure (BP) dropped to 94/39 mmHg due to urinary
tract infection, sepsis, and ischemic colitis, and she was
transferred to the intensive care unit (ICU). Therefore, the
patient could not undergo the planned surgery. After treat-
ment for ischemic colitis and septic shock, the patient was
transferred to our hospital for surgical treatment 18 days af-
ter the injury. Preoperative laboratory findings were as fol-
lows: hemoglobin, 9.0 g/dl; platelet, 169,000 pl; serum albu-
min, 3.28 g/dl (normal range 3.5-5.2 g/dl); C-reactive pro-
tein, 2.7 mg/dl; sodium, 139 mEq/L (normal range 136-145
mEq/L); arterial blood gas analysis, pH 7.55, pCO, 37
mmHg, PO, 63 mmHg, HCO; 32.1 mmol/L, Sa0,, 94.1%;
prothrombin time (PT), 14.8 s; international normalized ra-
tio, 1.21; activated partial thromboplastin Time, 35.3 s; and
D-dimer of 18.94 pg/ml (normal range < 0.5 pg/ ml). To
evaluate COVID-19 pneumonia, we performed chest com-
puted tomography (CT), which showed diffuse PTE in both
the main and left upper lobe lobar/segmental pulmonary
arteries, consolidation in the right lower lobe, ground glass
opacity in both lower lobes, a small amount of right pleural
effusion, and left 4-9th, 11-12th rib fractures (Fig. 1A, B, C).
Abdominopelvic CT scan revealed deep vein thrombus
(DVT) in the left common iliac vein and left external iliac

www.anesth-pain-med.org

Fig. 1. Diffuse pulmonary thromboembolism in left main (A, B), and
right main (C) pulmonary artery on chest computed tomography
(arrows: filling defects by thrombus).

vein. Transthoracic echocardiography revealed a 65% ejec-
tion fraction, mild aortic stenosis, a thickened and calcified
mitral valve with trivial mitral regurgitation, and visible
echogenic material in the left atrium; however, electrocardi-
ography showed no atrial fibrillation. Cardiology consulta-
tion recommended delayed surgery 2-3 days after heparin-
ization as prophylaxis for the ongoing PTE and insertion of
an inferior vena cava (IVC) filter (ALN Optional Vena Cava
Filter with Hook, ALN) (Fig. 2). The patient was admitted to
the operating room for planned right hip hemiarthroplasty.
Preoperative vital signs were BP 165/78 mmHg, heart rate
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Fig. 2. A fluoroscopic image was taken during the inferior vena
cava filter insertion procedure.

72 beats/min, body temperature 36.5°C, respiratory rate 20/
min, and oxygen saturation 91% with two liters of O, through
nasal prongs. During surgery, the continuous radial arterial
pressure, train-of-four (TOF), and bispectral index (BIS)
were monitored. Anesthesia was induced using remimazol-
am (5 mg/kg/h) and rocuronium (35 mg). After confirming a
BIS of 40 and 0% TOE tracheal intubation was performed.
Anesthesia was maintained using remimazolam (1 mg/kg/
h) and remifentanil (0.2 pg/kg/min). We chose remimazol-
am as the induction and maintenance agent to reduce he-
modynamic instability. The cardiac surgery team judged it
challenging to cannulate the patient and initiate extracorpo-
real membrane oxygenation (ECMO) immediately in case of
a sudden cardiac arrest as the surgery was performed in the
left lateral decubitus position. Therefore, the cardiac surgery
team inserted an introducer sheath (Prelude® sheath intro-
ducers 5 Fr, Merit medical systems, Inc.) into the right femo-
ral artery and vein, for performing ECMO, to be connected
in case of an emergency. For intraoperative transesophageal
echocardiography (TEE) monitoring, a TEE probe was in-
serted to evaluate the thrombus in the left atrium; however,
no thrombus was observed. The patient’s mean arterial
pressure was maintained at over 70 mmHg during surgery
by administering an ephedrine bolus of 5 mg four times. The
total amount of fluid administered to the patient was 1,400
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ml of plasmalyte, the amount of bleeding was 300 ml, and
the urine output was 90 ml. The total anesthetic time was
190 min and the total operating time was 170 min. At the
end of the surgery, all anesthetics were stopped, and 0.2 mg
of flumazenil was used to reverse remimazolam. The patient
had a TOF of 100% and was administered pyridostigmine (10
mg) and glycopyrrolate (0.2 mg) to reverse muscle relax-
ation. The patient was able to breathe spontaneously and
tracheal extubation was performed without any complica-
tions. The patient was transferred to the ICU. On postopera-
tive day 2, the ECMO sheaths were removed, and the patient
was transferred to the general ward without any specific
events. The IVC filter was removed on postoperative day 8,
and the patient was discharged without any complication.

DISCUSSION

The patient was diagnosed with COVID-19 and asymp-
tomatic PTE, and was administered general anesthesia after
inserting an IVC filter before surgery. The patient scored 88
points on the pulmonary embolism severity index (PESI),
which is used as a risk stratification tool for PTE. The pa-
tient’s PESI was solely influenced by her advanced age of 88
years and not by the other ten clinical criteria used to calcu-
late PESI score such as sex, history of cancer, respiratory
rate, temperature, or history of heart failure. However, this
score represents a moderate-risk group with an expected 30-
day mortality rate of 3.2-7.1%, and higher levels of care are
recommended [5]. Hip fracture surgery is recognized as a
surgical procedure with a heightened risk of venous throm-
boembolism. Several factors, including advanced age, fe-
male sex, elevated body mass index, and surgical procedures
lasting over two hours, have been identified as potential risk
factors [6]. Delayed surgery in patients with hip fractures is
also a risk factor for thromboembolism [2]. To reduce deliri-
um and postoperative hospital stay, accelerated surgery,
that is, surgery within 6 h after injury, has been proposed [1].
Therefore, even during the COVID-19 era, early surgery is
advantageous for favorable patient outcomes. However, in
this case, the patient stayed home for four days after the in-
jury, and the operation was postponed because of sepsis.

Several studies have reported that COVID-19 infection it-
self is associated with PTE. According to a meta-analysis, the
incidence of PTE in patients with COVID-19 is 14.7% in the
general ward and 23.4% in the ICU [7]. This result represents
a higher incidence compared to 2.1% in ICU patients during
the pre-pandemic period [8]. In addition, the incidence of
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PTE in COVID-19-infected patients was nine times higher
than that in non-COVID-19 patients. The in-hospital mortal-
ity of COVID-19-infected patients with PTE was 16.6%, simi-
lar to 16.0% in COVID-19 patients without PTE; therefore, it
seems that PTE does not make a big difference in COVID-19
mortality. However, compared with the in-hospital mortality
of 6.5% in non-COVID-19 patients with PTE, the mortality
rate of COVID-19 patients with PTE is more than twice as
high [9].

The exact epidemiology and pathophysiological mecha-
nisms related to COVID-19-associated PTE remain un-
known. Several studies have reported that COVID-19 in-
creases the probability of thromboembolism [4,10]. Several
factors are associated with the mechanisms related to the
hypercoagulable state in COVID-19 patients [4]. First, direct
and indirect factors such as severe hypoxia, underlying dis-
eases, and organ dysfunction caused by COVID-19 may be
associated with various hemostatic abnormalities [10]. Sec-
ond, complement activation and cytokine release may result
in proinflammatory and procoagulant effects due to endo-
thelial dysfunction, von Willebrand factor elevation, Toll-like
receptor activation, and tissue-factor pathway activation.
Dysregulation of the coagulation cascade leads to the forma-
tion of intraalveolar systemic fibrin clots [4]. Third, releasing
proinflammatory cytokines called ‘Cytokine storm’ increases
the risk of intravascular microthrombosis and induces sec-
ondary local consumption coagulopathy [10]. Fourth, the in-
teractions between several blood cell types may be a critical
factor in the pro-coagulant effect of viral infections [4]. Due
to the hypercoagulable state, patients with COVID-19 pres-
ent with higher levels of D-dimer, fibrinogen and fibrinogen
degradation products, prolonged prothrombin time, inter-
national normalized ratio, and thrombin time [4]. These co-
agulation abnormalities are associated with a poor progno-
sis [8]. The patient, in this case, also showed an increase in
D-dimer to 18.94 pg/ml, which indicated the presence of
PTE.

Since the COVID-19 pandemic, there have been concerns
regarding delays in transporting trauma patients to hospitals
due to the collapse of the healthcare system. According to
Jarvis et al. [11], after the COVID-19 pandemic, the time to
visit the hospital after the injury (injury to hospital arrival
time) required for patients undergoing hip surgery took an
average of 11.5 min longer than that before the pandemic.
Nevertheless, this was not clinically meaningful, and there
was a significant difference in the injury-to-hospital arrival

time only when the number of infections surged during the
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early stages of the pandemic. However, the in-hospital mor-
tality rate was 3.4% after the pandemic compared to 1.1%
before the pandemic. According to Kim et al. [3], there was
no significant difference in the overall time to surgery before
and after the pandemic; however, the proportion of cases in
which surgery was delayed by more than 36 h increased sig-
nificantly after the pandemic. The reason for the delay in
surgery was the time needed for medical investigation and
stabilization. Preoperative tests and examinations that
should be performed outside the isolation room or in con-
tact with other people, such as electrocardiography, pulmo-
nary function tests, and imaging, were postponed, and the
patient was quarantined until the COVID-19 test was nega-
tive. In this report, 30-day mortality did not differ before and
after the COVID-19 pandemic.

According to a meta-analysis comparing the prognosis of
patients who underwent hip surgery before and after
COVID-19, there was no significant difference in the 30-day
mortality [12]. However, a comparison between COVID-19
-infected and non-infected patients revealed higher mortali-
ty rates in the former [12]. It is difficult to generalize the situ-
ation because of regional differences between the COVID-19
epidemic period and the medical system. However, except
for some surges in COVID-19 infections, early hip surgery
was performed similarly to that in the pre-pandemic period.
Postoperative mortality was similar but increased in COVID-
19-infected patients.

In patients who underwent total hip/knee arthroplasty in
April 2020, when the lockdown was implemented due to
COVID-19 in the United States, the incidence of PTE/DVT af-
ter surgery increased more than three-fold compared to the
same period before the pandemic [13]. The authors suggested
that the reasons for immobility were a decrease in activity
during the initial lockdown of the pandemic and COVID-19.
Although patient history of COVID-19 was not investigated,
the authors noted that asymptomatic COVID-19 infection may
have increased the incidence of PTE/DVT in unknown pa-
tients. Cuthbert et al. [14] reported that postoperative ICU ad-
mission was 27% in COVID-19-positive patients with hip frac-
tures after the pandemic compared to 5% in COVID-19-nega-
tive patients. In addition, the length of hospital stay (median
23 days vs. 9 days, P < 0.001) and 30-day mortality (29% vs.
10%, P = 0.001) increased, and thromboembolic events oc-
curred in 9.8% of COVID-19 positive patients.

An IVC filter was inserted to prevent additional thrombo-
embolic events before surgery. IVC filters are recommended

when a patient has venous thromboembolic disease, with an
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absolute contraindication to anticoagulation, problems that
require stopping anticoagulation, or recurrent venous throm-
boembolism after receiving appropriate anticoagulation [6].
Because surgery was planned for our patient, anticoagulation
therapy could not be continued for a sufficient period. There-
fore, an IVC filter was inserted. In our patient, an ECMO
sheath was inserted in advance, along with an IVC filter, to
prepare for cardiac arrest. Although there are no specific
guidelines for ECMO preparation in stable patients, ECMO
was necessary because of the patient’s advanced age and the
lateral position required for surgery. Delaying ECMO initia-
tion by more than 30 min in cases of acute pulmonary embo-
lism can result in worse patient outcomes. [15].

In conclusion, this case report presents a geriatric patient
diagnosed with a hip fracture, COVID-19, and asymptomatic
PTE. Despite sepsis-related delays in hip surgery, general an-
esthesia was safely administered after heparinization and in-
sertion of an IVC filter. Given the inevitability of delayed hip
surgery in patients with COVID-19, the likelihood of develop-
ing PTE is significantly increased. Hence, the evaluation and
prophylaxis for this condition are of utmost importance.
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