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Ultrasound guided minimally invasive autopsies: combining
imaging and pathology to characterize the systemic involvement
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Abstract
Post mortem tissue sampling is of paramount importance to conduct in-situ and molecular studies of COVID-19. Ultrasound-based
minimally invasive autopsies (MIA/US) is an inexpensive procedure to obtain tissue samples of several organs and, at the same time,
reduce the risks of the autopsy procedure in situations of high contagiousness. The images obtained by ultrasound are good enough
to localize and orient the sampling, and to select the most affected areas within each organ. The amount of tissue sampled is
adequate for histological and molecular studies and microorganism identi�cation, and delivers information within a rapid time
window. The combination of the aforementioned aspects may extend the possibility of conducting autopsies in different parts of the
world, perhaps helping to understand local characteristics of COVID-19 infections, within an extended range of genetic, social and
economic diversity.  

Introduction
Post mortem tissue sampling is of paramount importance to conduct in-situ and molecular studies of COVID-19. In fact, the number of
autopsies reported up to now is very small, and tissue sampling is limited to few organs, mostly the lungs, liver and heart.1,2 The
scarce literature in COVID-19 autopsies markedly contrasts with the high number of deaths, probably due to the risk of
contagiousness. Recently strict protection procedures were recommended for autopsies of COVID-19, restricting autopsies to a limited
number of institutions.3 The �rst COVID-19 Brazilian case was diagnosed in February 25 of 2020, and the �rst death was reported in
March 16. At present moment, COVID-19 in Brazil is in its early acceleration phase of dissemination.4 Considering the potential needs
of advanced ventilatory support to the expected demand of critically ill patients, our hospital allocated 900 beds (700 semi-intensive,
200 intensive) to COVID-19, and, unfortunately, a large number of deaths are expected to occur. We prepared a part of our autopsy
service to conduct these autopsies and developed a procedure of ultrasound-based minimally invasive autopsies (MIA/US). In fact,
MIA/US was already applied during the recent 2018 yellow fever epidemic in Sao Paulo, Brazil, and showed a full diagnostic
agreement with conventional autopsy.5 In the present pandemic scenario, we decided to describe our modi�ed MIA/US procedures,
considering that the low cost and portability of MIA/US, combined with signi�cant risk reduction of a closed body autopsy, could be a
way of increasing autopsy rate in COVID-19 cases, and, thus, contributing for a better understanding of the mechanisms of tissue
injury in COVID-19, and perhaps, adding useful information for the development of new therapeutic procedures.

MIA application in COVID-19

MIA has been used by different groups, using two main approaches.6-11 The blind tissue sampling is based on external anatomic
references to orient puncture. Blind sampling is simple, cheap, and can be conducted even in areas without conventional autopsy
facilities, but usually sampling is restricted to the larger organs, such as lungs and the liver 11, which are easily assessed without
image orientation. In addition, blind sampling does not identify the focal variability of disease within each organ, which is determinant
for a proper diagnosis of pathological conditions. Alternatively, other groups employed image assisted MIA using computed
tomography or magnetic resonance imaging.6,8,9,10,12,13,14 Image assisted MIA (CT or MRI) solves the question of organ sampling and
focal disease characterization, but the number of autopsy services having in-house advanced imaging systems is scarce. In a
pandemic scenario, the imaging instruments of hospitals are most probably fully dedicated to assist living patients, limiting the
possibilities of conducting MIA procedures. Thus, MIA/US is a suitable alternative to conduct autopsies in COVID-19 cases, by the
reasons summarized as follows:

1)     MIA/US has great portability and reduces the costs of conducting autopsies considerably, an important condition when the health
system faces economic burden;

2)     The risk of producing aerosols is low during MIA/US and so can be performed in areas without negative pressure autopsy room;

3)     The images obtained by ultrasound are good enough to localize and orient the sampling in several organs, and to select the most
affected areas within each organ;
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4)     MIA/US is a fast procedure (less than one hour) and delivers information within a time window fast enough to orient the
management of critically ill patients.

Reagents
10% Neutral buffered formalin solution

Embedded para�n tissues

Histochemical stains

PCR

Equipment
Personal Protective Equipment 

Portable SonoSite M-Turbo R (Fuji�lm, Bothell, WA, USA) ultrasound equipment with C60x (5-2 MHz Convex) multi-frequency
broadband transducers and DICOMR standard images.

Transducer HFL38X (13-6 MHz Linear)

Tru-CutR semi-automatic coaxial needles of 14G, 20 cm long.

Plastic safety bag

Procedure
The procedures were performed at the “Image Platform in the Autopsy Room”, a research center in the University of Sao Paulo Medical
School (https://pisa.hc.fm.usp.br/).

Safety protocol

In the event of a con�rmed or suspicious death by COVID-19, the MIA/US team is reported and the body referred to an admission room
at our mortuary. This transportation is done by nurses with appropriate personal protective equipment (PPE), with the body wrapped in
a plastic safety bag.15 After receiving the body from the Hospital, two trained technicians from the MIA/US team, wearing safety
clothes, prepare the body for the procedure, by covering it with and additional and more resistant plastic bag, by sliding it through a
stretcher with pulleys. After this procedure, the body is conducted by the MIA/US technicians to the examination room.

Access to the autopsy room is limited to two people, the US examiner and the supporting technician, who will be wearing PPE (surgical
clothing protected by two aprons, rubber boot, sleeve, 3 layers of gloves, rubber cap, N95 mask under surgical mask and eye
protection) following standard protocols.3,15 After the procedure and release of the body to the mortuary, personal involved direct
procedures with the deceased’s body, go to a support room to take out the PPE, with the aid with the support of protected technicians.
3,15

After each procedure, the removal of all garbage and the disinfection of the autopsy room is performed by trained personnel, with PPE,
using neutral detergent and chlorine-based disinfectants recommended by the National Health Surveillance Agency – Anvisa.16

Finally, all personal involved directly or indirectly with MIA/US is tested for COVID-19 (naso and oropharyngeal swab and PCR).17After
15 days of procedures, all members are negative.

https://pisa.hc.fm.usp.br/
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Sampling protocol

We used a portable SonoSite M-Turbo R (Fuji�lm, Bothell, WA, USA) ultrasound equipment with C60x (5-2 MHz Convex) multi-
frequency broadband transducers and DICOMR standard images. This transducer was employed since the lower frequency of
ultrasound waves permits a deeper visualization of all organs, including pulmonary parenchyma. For super�cial structure such as
salivary glands and testis, we used the HFL38X (13-6 MHz Linear), since the higher frequency produces higher image resolution.
Tissue puncture and collection was made using Tru-CutR semi-automatic coaxial needles of 14G, 20 cm long. Examples of images
obtained in COVID-19 are presented in Figures 1 and 2.

After packing the body with resistant plastic, we do small 10 cm openings in appropriate sites of body surface. We start with a left
incision immediately adjacent to the external bone, to access the heart and left lung. After completing the tissue sampling at this site,
the incision is closed and a new one is done at the right paraexternal area to sample the right lung. Again the incision is closed and
subsequent incisions are done at the right subcostal space (liver and right kidney) and left subcostal space (spleen and left kidney).
Image guided samples are taken from salivary glands (parotid, submandibular and minor salivary glands). Other tissues are sampled
without direct image guidance: bone marrow (external bone aspirate), skeletal muscle (femoral quadriceps), skin (thigh), brain (trans
sphenoidal puncture), and testis.

Figure 3 shows a representative image of pulmonary fragments obtained using MIA/US. The table 1 describes aspects of tissue
sampling in MIA/US protocol for COVID-19 fatal cases. The basic �ow of our MIA/US procedure is shown in Figures 4 and 5.

 After MIA/US, a terminal cleaning protocol is immediately performed. In addition, plastic vials containing the sampled material have
their external surfaces sterilized with 70% isopropyl alcohol solution to avoid contamination of the staff involved in tissue processing.

This protocol has been approved by the HCFMUSP Ethical Committee (protocol #3951.904). All the autopsies were performed after
informed consent from the next-of-kin. 

Troubleshooting
-Wraping the body in the plastic bag

-Inappropriate use of personal protective equipment 

-Di�culties to get ultrasound images

-Di�culties to collect adequate tissue samples, specially heart, kidneys, spleen and brain

-Risk of puncture accidents during the MIA-US procedures

Time Taken
2:00-2:30 hour

Anticipated Results
MIA/US is a procedure that can be a used when fast responses are needed to clarify the pathogenesis of new infectious agents. The
procedure was adopted in our Hospital in the course of COVID-19 pandemics. The availability of tissue from deceased patients has
been used to characterize the pathologic aspects of respiratory failure as well as the systemic organic manifestations of this viral
infection, producing a useful feedback to the staff dealing with critically ill patients. The amount of tissue collected from the different
organs contributed to a biorepository in our Institution to be used for molecular studies (see table 1). MIA/US represents an alternative
to conduct autopsies in situations of high contagiousness. The combination of the aforementioned aspects may extend the possibility
of conducting autopsies in different parts of the World, perhaps helping to understand local characteristics of COVID-19 infections,
within an extended range of genetic, social and economic diversity.  
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