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Cetaceans have long been considered biologically adapted to suffer no adverse
effects from diving-related tissue gas tension. However, increasing reports of gas
embolism in cetaceans inhabiting European, Mediterranean and American waters have
challenged the conventional understanding of marine mammal diving physiology. In
human hyperbaric medicine, virtopsy techniques such as post-mortem computed
tomography (PMCT) facilitate the visualization of gas embolism and could be performed
adjunct to conventional autopsy. This research presents the first case of gas embolism
identified in an East Asian finless porpoise inhabiting Asian waters. Massive gas embolic
lesions were found in the liver, which had been compressing both the lungs and
abdominal organs, and signs of pneumonia and parasitic infection were observed in
both lungs. It is hypothesized that this porpoise might have been unable to expel
in vivo gas bubbles from its circulation due to pulmonary dysfunction. Consequently, gas
bubbles agglomerated in the liver, resulting in the development of gas embolic lesions.
The findings of the present study provide insights into the occurrence of gas embolism
in the East Asian finless porpoise, highlighting the potential of PMCT as a promising tool
for the diagnosis of gas embolism in stranded cetaceans.

Keywords: cetaceans, post-mortem computed tomography, virtopsy, gas embolism, tissue gas tension,
hyperbaric, East Asian finless porpoise

INTRODUCTION

There has been longstanding debate over the effects of tissue gas tension in marine mammals
(Kooyman et al., 1972; Ridgway and Howard, 1979). Previous studies have suggested that cetaceans
can prevent the formation of gas emboli through behavioral, physiological, and anatomical
adaptations (Blix et al., 2013; Elmegaard et al., 2016; Fahlman et al., 2021). However, evidence of
gas embolism occurring in cetaceans has challenged the conventional understanding of marine
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mammal diving physiology (Southall et al., 2016). The
development of abnormal gas bubble lesions in these animals has
been gaining interest among marine mammal scientists since the
publication of the work by Jepson et al. (2003). Gas embolism
has been recorded mainly in beaked whales (family Ziphiidae),
and sporadically in certain dolphin species (Moore et al., 2009;
Dennison et al., 2012; Fernández et al., 2017; Denk et al., 2020).
It is believed that cetaceans may develop gas embolism due to
dramatic reactions to anthropogenic activities (Jepson et al.,
2003; Moore et al., 2009) or alterations in diving behavior
(Fernández et al., 2017).

In human hyperbaric medicine, computed tomography (CT)
is one of the most commonly used techniques used to detect gas
embolism (Laurent et al., 2014; Schwartz et al., 2018). Moreover,
post-mortem computed tomography (PMCT) has become more
accessible as an adjunct to conventional autopsies, in forensic
settings. PMCT facilitates visualization of gas embolism (Plattner
et al., 2003; Chou et al., 2016) and detection of abnormal gas
space volume, which are often difficult to detect in conventional
autopsies (Plattner et al., 2003). As CT has become more readily
available in veterinary research facilities, PMCT has also been
used to investigate the cause of death, pathological and biological
profile in cetaceans (Yuen et al., 2016, 2017; Cuvertoret-Sanz
et al., 2020; Kot et al., 2020).

East Asian finless porpoises (Neophocaena asiaeorientalis
sunameri) are frequently found in the coastal waters of Northeast
Asia (Jefferson and Hung, 2004), where increasing anthropogenic
activities pose a potential threat to the porpoise population
(Xiong et al., 2018; Cheng et al., 2021), such as peracute
underwater entrapment. The cause of death of East Asian
finless porpoises stranded in South Korean waters has recently
been assessed by PMCT to provide information complementary
to conventional necropsy findings. In this manuscript, we
describe the radiological appearance, together with necropsy and
histological findings of gas embolism in an East Asian finless
porpoise, stranded on Jeju Island in the Republic of Korea; this
study represents the first identified occurrence of gas embolism
in this species.

MATERIALS AND METHODS

Cetacean Carcass Obtained for
Investigation
In November 2020, an adult male East Asian finless porpoise,
measuring 127.6 cm in length, was stranded on the northern
coast of Jeju Island in the Republic of Korea (33◦33.480’N
126◦44.686’E). The average ambient temperature and seawater
temperature of the location was 8.6 and 17.6◦C, respectively. No
scavengers were found upon carcass retrieval. The carcass was
classified as code 2—fresh carcass—according to the Smithsonian
condition codes (Geraci and Lounsbury, 2005). Post-mortem
staining was not observed on the carcass body. To minimize
post-mortem changes, the carcass was directly transported to the
freezer in the Jeju National University within 2 h after it was first
reported to the marine police and frozen at –22◦C until further
examinations could be conducted. Ethical review and approval

were not required, since no aspect of the animal’s life was altered
for the present study.

Performance of Virtopsy
The carcass was transported to the Jeju National University
Equine Hospital for PMCT scanning, which is located at a 5-
min distance by vehicle. PMCT scanning was done using an
Aquilion Lightning 16-row, 32-slice helical CT system (Aquilion
Lightning, Canon Medical Systems, Otawara, Japan). The X-ray
tube of the CT scanner was warmed up prior to taking the
carcass from the freezer in order to prevent the carcass from
thawing. The scan was performed at 120 kVp, 200 mAs, and
2 mm slice thickness, while the scan field of view (sFOV)
was set to 320 mm. To minimize post-mortem changes, the
whole procedures were limited to less than 30 min. The average
ambient temperature on the day was 10◦C, the whole virtopsy
procedures were finished before the body started to thaw. CT
images were then assessed using open-source Digital Imaging
and Communications in Medicine (DICOM) viewing software,
Horos version 3.3.6 (RRID:SCR_017340).1

Performance of Necropsy and Histology
The carcass was thawed for 36 h in ambient temperature
(average 11.05◦C) prior to necropsy. The carcass condition
was closely monitored by board-certified veterinarians to avoid
excessive decomposition. All the board-certified veterinarians
who participated in the necropsy agreed that the carcass was in a
fresh state upon necropsy based on the observation of the external
body feature and the conditions of the internal organs. Standard
necropsy protocol was followed for the marine mammals
(Pugliares et al., 2007). Tissue samples from the liver, kidneys,
stomach, mesenteric lymph node, and lungs were collected
for histological studies, which organs were selected based on
the in vivo bubble appearance frequency by organs (Jepson
et al., 2005). All samples were fixed with 10% neutral-buffered
formalin (NBF) (Duksan General Science, Seoul, South Korea)
at a 10:1 fixative-to-tissue ratio, before being processed into
paraffin wax, and sectioned. The tissue slides were then stained
with hematoxylin and eosin (H&E) and Masson’s trichrome
(MT) stains (Genoss Co., Ltd., Seoul, South Korea). Parasites
were collected and stored in 70% ethanol and neutral-buffered
formalin, for identification.

RESULTS

General Findings
The carcass examined in this study was emaciated, presenting
with post-cranial dip—“peanut head”—and wasting of the epaxial
muscle (Figure 1A). Girth measurements—56.9 cm at umbilical
and 34.1 cm at anal level, respectively—were below normal,
reflecting the wasted body condition. During the necropsy, little
stomach and intestinal contents were found indicating the animal
was not actively foraging. Based on PMCT images, blubber
thickness in the head, axillary, mid-thoracic, umbilical, genital

1www.horosproject.org
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slit, and anal regions was lower than previously reported averages
for East Asian finless porpoises (Zeng et al., 2015), further
evidencing the animal’s state of malnutrition (Figures 1B–G).
This conclusion was confirmed during necropsy.

Findings From Liver Assessment
PMCT revealed severe liver enlargement. Massive gas embolic
lesions ranging from 0.2 to 30.0 mm in diameter were observed
using the lung window setting (WL/WW: −500/1,400 HU). The
gas-filled cavities were encapsulated, with wall thickness ranging
from 1.0 to 3.0 mm (Figure 2A). The liver parenchyma was
replaced with bubble-like spherical cavities of various sizes, with
diameters ranging from 0.5 to 25.0 mm, resulting in an increase
in organ size (Figure 2B). The enlarged organ had been physically
compressing the abdominal organs posteriorly and the lungs
anteriorly, presumably resulting in decreased functioning of the
compressed organs (Figure 2C). The tactile of the liver was
abnormally firm that the organ was maintaining its original shape
even after it was separated and taken out of the abdominal cavity.
It was confirmed histologically that the majority of hepatic tissue
had been replaced with gas-filled cavities that are surrounded
by fibrous connective tissue. Pericavitary fibrosis was clearly
identified when stained by MT stain, revealing a pattern similar
to that presented in previous reports (Figures 2D–F; Jepson
et al., 2005). Blood vessels and sinusoids were filled with in vivo
bubbles (0.3–1.0 µm in diameter) that coalesced into larger
cavities in some areas, which encroached the surrounding tissues
(Figure 2D). These findings suggested that normal blood flow
had been virtually impossible, whereas the overall distribution of
bubbles in tissues and blood vessels led to the conclusion that the
liver was non-functional.

Findings From Lung Assessment
Both lungs were smaller than normal—the left and right lungs
measured 25.0 × 7.5 × 3.0 cm and 23.5 × 7.0 × 2.8 cm,
respectively—presumably due to compression force exerted
by the grossly enlarged liver. PMCT investigation using the
lung window setting (WL/WW: −500/1,400 HU) revealed
widespread ground-glass opacity in both lungs (Figure 3A).
Small hyper-attenuated nodules in the alveoli, observed using
the bone window setting (WL/WW: 300/1,500 HU) (Figure 3B),
suggested the presence of fibrotic tissue. Furthermore, small
gas bubbles were observed throughout the lungs (Figure 3C).
Numerous nodules were found through gross pathological
observation (Figure 3E). Parasites were found in the nodules,
and also from the bronchioles, bronchi, and lung parenchyma
(Figure 3F); the parasites were identified as Halocercus sunameri
(Nematoda: Pseudaliidae) based on further morphological
analyses (Yamaguti, 1951). Histological analysis confirmed
pulmonary alveolar fibrosis in the nodular areas, supporting the
PMCT findings. Small gas bubbles (<60 µm in diameter) were
also recognizable on histopathology slides (Figure 3D). No foamy
discharge was found in the trachea, bronchus, or bronchiole.

Findings From Kidney Assessment
The presence of gas bubbles—0.5–2.0 mm in diameter—was
further observed in both kidneys during PMCT investigation,

using the bone window setting (WL/WW: 300/1,500 HU)
(Figure 4A). Visual identification of gas-filled cavities between
or within the renicules proved problematic during necropsy
as the lobules could be naturally separated from one another.
Moreover, the renal calyces could be physically separated from
the surrounding tissue by applying cutting pressure. However,
numerous gas emboli of various sizes (5–350 µm) could be
identified by investigating the histopathology slides of the kidney
tissue (Figures 4B,C).

Other Findings
Gas bubbles ranging from 0.7 to 3.0 mm in diameter were
also found from brain tissue (Figures 5A,B) (WL/WW:
152/524 HU), spinal cord (Figure 5C) (WL/WW: 152/524 HU),
epaxial and cervical muscles (Figures 5C,D), and sub-
dermal tissue (Figure 5D) (WL/WW: −500/1,400 HU)
using PMCT. However, gas bubbles were too small to be visible
during necropsy. Therefore, they were not able to locate for
histopathological investigation.

Histological Confirmation of in vivo Gas
Bubbles
No visible gas emboli were found in blood vessels either
on the surface of various organs or in the mesenteric artery
and vein, during PMCT investigation and necropsy. However,
in vivo bubbles of less than 20 µm in diameter were identified
histologically, not only in the liver, kidneys, and lungs but also in
the mesenteric lymph nodes and stomach wall.

DISCUSSION

Gas embolism and development of gas embolic lesions in
cetaceans have been predominantly described in beaked whales
(Jepson et al., 2003; Fernández et al., 2005), and occasionally
in certain dolphin species (Moore et al., 2009; Dennison et al.,
2012; Fernández et al., 2017; Cuvertoret-Sanz et al., 2020;
Denk et al., 2020). Extensive reported gas embolism cases have
shown distinctive large cavitary lesions with pericavital fibrosis
in gross pathology and histopathology (Jepson et al., 2003,
2005; de Quirós et al., 2011; Siebert et al., 2013). The present
subject has demonstrated similar pathology status as previously
described: gas embolic lesions, encapsulated by fibrous tissue,
had extensively replaced the liver parenchyma, resulting in loss
of organ function.

There are a few mechanisms that can induce gas bubbles to
an animal’s organ parenchyma (Jepson et al., 2005; de Quirós
et al., 2011; Danil et al., 2014). Most commonly, gas bubbles
can be formed in severely decomposed carcasses as a result of
postmortem changes due to bacterial reductive catalysis (Shedge
et al., 2021). In the circumstance without death time estimation, it
is commonly believed that gas bubbles may have been generated
in this way. Bacterial reductive catalysis mechanism generally
causes the liver to become spongier and more Swiss cheese-
like (Shedge et al., 2021), and eventually the liver will lose its
concrete shape. Another possible mechanism is a septicemia
by gas producing bacteria with live animal, which could derive
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FIGURE 1 | Overview of the physical condition of an East Asian finless porpoise (Neophocaena asiaeorientalis sunameri) carcass. (A) PMCT three-dimensional
surface rendered image showing the general external appearance of the East Asian finless porpoise in the present study. Dotted lines correspond to transverse CT
images at (B) cranial, (C) axillary, (D) mid-thoracic, (E) umbilical, (F) genital slit, and (G) anal levels.

systemic gas bubble accumulation and eventual death (Danil
et al., 2014). However, based on the previous studies, there
are recognizable differences between bacterial-caused cavitation
and decompression sickness-caused cavitation in both gross-
and histopathological features (Jepson et al., 2003, 2005): (1)
The distribution of the gas bubbles in organs is inconsistent
between bacterial cavitation and decompression sickness-derived
cavitation; (2) most importantly, pericavitary fibrosis is not found
in the bacteria-caused gas bubble accumulations (Jepson et al.,
2003, 2005). In the present study, the liver parenchyma of
the East Asian finless porpoise has maintained certain shape,
while the tactile is rather firm than normal (Figure 2B). This
is due to the fibrosis progressed around the cavitary lesions
as histopathology revealed (Figure 2F), showing a different
feature from decomposed liver. Therefore, the large cavitary
lesions in the liver caused by post-mortem changes or septicemia

can be ruled out. Another possible cause of the in vivo
bubbles is frozen artifact, which still cannot explain the large-
sized cavitary lesions with severely progressed fibrosis. Though
post-mortem change and freeze-thaw procedure could induce
histopathological artifacts, the characteristic pathologic lesions
found in the liver of the current study case was obviously not one
of them. Such characteristic features were possible to be seen in
gas embolism cases in cetaceans, which led to the diagnosis of the
current study case.

The pathogenesis of gas embolic lesions in cetaceans was
recently intimated by Fahlman et al. (2021), stating that the
amount of gas—particularly nitrogen—dissolved in bodily tissues
is positively associated with the level and duration of a change in
pressure. Exposure to elevated ambient pressure during diving
causes an accumulation of dissolvable gas in tissues until a
state of equilibrium with the environment, i.e., saturation has
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FIGURE 2 | Computed tomographic (CT), gross pathological, and histopathological findings in the liver of an East Asian finless porpoise (Neophocaena
asiaeorientalis sunameri) carcass. (A) Transverse CT image (WL/WW: –500/1,400 HU) showing gas embolic lesions in the liver (yellow dotted lines). (B) Gross
pathology of the liver parenchyma during necropsy. Scale bar = 1 cm. (C) Sagittal CT image (WL/WW: –500/1,400 HU) showing enlarged liver exerting pressure on
both lungs and intestines. (D) Hematoxylin and eosin (H&E)-stained liver tissue showing both in vivo bubbles (<10 µm in diameter), and larger gas-filled cavities in
sinusoids or veins. Scale bar = 40 µm. (E) Lower magnification of H&E-stained liver tissue showing larger bubbles. Scale bar = 200 µm. (F) Masson’s
trichrome-stained liver tissue of the same section as in (E). Fibrotic tissues have been stained blue. Scale bar = 200 µm.

been reached. When the diver returns to the surface following
a dramatic change in the diving pattern, gas solubility in the
body system also decreases dramatically due to the reduction in
ambient pressure. Once tissue gas become supersaturated as its
partial pressure exceeds that of inhaled gas, in vivo bubbles may
form that could result in gas embolism if they were to persist and
enlarge, instead of being expelled.

There have been continuous reports of gas embolism in
cetaceans in European, Mediterranean and American waters
(Jepson et al., 2003; Fernández et al., 2005; Moore et al., 2009;

Siebert et al., 2013; Cuvertoret-Sanz et al., 2020; IJsseldijk et al.,
2021). The present study is the first to report gas embolic
lesions in a cetacean inhabiting Asian waters. Currently, it is
postulated that gas embolic lesions in cetaceans may result from
behavioral responses to anthropogenic causes such as naval sonar
exercises, underwater detonation, and in-depth fishing that alter
the animals’ diving patterns (Jepson et al., 2003; Fernández et al.,
2005; Moore et al., 2009; Danil and St. Leger, 2011; St. Leger et al.,
2011). However, tagging studies to investigate the geographical
range of East Asian finless porpoises is currently limited, making
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FIGURE 3 | Computed tomographic (CT), histopathological, and gross pathological findings in the lung of an East Asian finless porpoise (Neophocaena
asiaeorientalis sunameri) carcass. (A) Transverse CT image (WL/WW: –500/1,400 HU) showing ground-glass opacities in the lungs. (B) Transverse CT image
(WL/WW: 300/1,500 HU) showing small hyper-attenuated fibrotic nodules (yellow arrows), which indicate parasitic pulmonary infection. (C) Transverse CT image
(WL/WW: –500/1,400 HU) showing non-bronchiolar bubbles (black arrows) in both lung lobes. (D) Hematoxylin and eosin-stained lung tissue showing gas emboli
(yellow arrows). Scale bar = 50 µm. (E) Surface feature of the lungs with nodules. (F) Halocercus sunameri found from the lung nodules.
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FIGURE 4 | Computed tomographic (CT) and histopathological findings in the kidney of an East Asian finless porpoise (Neophocaena asiaeorientalis sunameri)
carcass. (A) Transverse CT image (WL/WW: 300/1,500 HU) of the kidney showing gas emboli (yellow arrows). Histopathology of hematoxylin and eosin -stained
kidney tissue, showing (B) the boundary between the renal cortex and medulla, with gas-filled cavities (diameter ≤ 350 µm) indicated by yellow arrows, and
(C) in vivo bubbles (diameter ≤ 15 µm), present among the cells (yellow arrows). Scale bar = 200 µm and 20 µm in (B,C), respectively.

it impossible to backtrack the location of exposure that could
have resulted in the event that rendered the animal susceptible
to gas embolism. Therefore, conclusive evidence of the actual
cause of death of the East Asian finless porpoise in the present
study is unavailable.

In the present study, both lungs of the finless porpoise
have exhibited heterogenous hyperattenuation pattern giving the
appearance of pulmonary ground glass opacity on PMCT. The
imaging pattern in this carcass is compatible with pneumonitis
(Garg et al., 2019a,b; Hamel et al., 2020). Although the PMCT
findings alone are not pathognomonic, the pulmonary ground
glass opacity pattern in lungs is not likely caused by post-
mortem changes due to absence of pulmonary hypostasis
and post-mortem staining on body surface. In conjunction
with the evidence of Halocercus sunameri infection in lung
parenchyma, the finless porpoise is suspected to be suffering from
decline of pulmonary function secondary to pneumonitis and
parasitic infection.

Although the underlying reason between the cause of
pneumonitis in lungs and gas embolic lesions cannot be
concluded, we hypothesize that they can be mutual causative:

1. The East Asian finless porpoise had been unable to expel
in vivo gas bubbles from its circulation as a result of decline
of pulmonary function (Moon, 1996). (We suspected
the latter to be secondary to parasitic or bacterial lung
infection, but this could not be confirmed in the absence
of bacterial swabs, which had not been collected prior to
the carcass being frozen). Consequently, the gas bubbles
agglomerated in the liver and enlarged while the animal
might have experienced peracute underwater entrapment
(Cuvertoret-Sanz et al., 2020) or was surfacing after diving,
causing gas embolic lesions in the liver.

2. The East Asian finless porpoise had developed gas embolic
lesions in the liver due to excessive tissue gas tension.
The enlarged gas embolic lesions in the liver elevated the

diaphragms and caused atelectasis, which had resulted in
pneumonitis and decreased pulmonary function (Russi,
1998).

Nonetheless, post-mortem investigations conducted herein
also showed that body wasting, along with pneumonitis and
Halocercus sunameri infection in lung parenchyma, might be
related to the death of the animal (Wan et al., 2017).

To increase the diagnostic accuracy, reasonable death time
estimation can facilitate the understanding of the degree of post-
mortem change in carcass. One of the simplest ways is using the
rectal temperature-based death time estimation, which provides
useful information to infer the time since death of an animal.
However, there is no previous research studying the death time
estimation in wild cetaceans (Moore et al., 2020), not to mention
the study on rectal temperature-based death time estimation in
finless porpoise. To date, Cockcroft (1991) has reported the only
reference for death time estimation in captive cetacean using
one striped dolphin, which cannot be extrapolated to the finless
porpoise of the present study due to the differences in size and
shape of body mass.

Gas content analysis using gas chromatography has often been
used for discrimination of putrefaction gases from gas embolism
to verify decompression sickness (Pierucci and Gherson, 1968,
1969). Yet, accurate sampling of nitrogen and respiratory
gases can be sometimes difficult (de Quirós et al., 2011). The
application of PMCT prior to conventional necropsy can provide
precise spatial information of the gas bubble lesions or gas
embolism, in which it can facilitate proper necropsy planning
and accurate gas sampling in the carcass during gas content
analysis. However, due to lacking in the equipment required for
gas sampling and gas content analysis in the laboratory, it is
admittedly this process has not been done in the present study.
We suggest future studies can confirm the gas content with
gas chromatography in conjunction with PMCT. Conducting
PMCT prior to conventional necropsy provided precise spatial
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FIGURE 5 | Computed tomographic (CT) findings in the brain, spinal cord, muscles, and sub-dermal tissue of an East Asian finless porpoise (Neophocaena
asiaeorientalis sunameri) carcass. Gas bubbles ranging from 0.7 to 3.0 mm in diameter were found through various tissues. (A,B) Transverse CT images (WL/WW:
152/524 HU) showing gas bubbles (yellow arrows) in brain tissue. (C) Transverse CT image (WL/WW: 152/524 HU) showing gas bubbles in epaxial muscles (yellow
arrows) and spinal cord (green arrow). (D) Transverse CT image (WL/WW: –500/1,400 HU) showing gas bubbles in sub-dermal tissue (blue arrows) and cervical
muscles (purple arrows).

information of gas bubble lesions or gas emboli, facilitating
adequate necropsy planning. PMCT also provided superior
diagnostic outcomes for identifying gas embolic lesions because
of its high spatial resolution, contrast resolution, and signal-
to-noise ratio. However, the diagnostic sensitivity of PMCT
might be affected by the longitudinal partial volume effect,
occurring when a CT slice containing a gas bubble (<0.5 mm
in diameter) is partially occupied by body tissue—i.e., the gas
bubble is smaller than the slice width. This degrades image
resolution and contrast of the gas bubble in the CT image.
Reducing the slice thickness should aid in limiting the impact of
the partial volume effect. Moreover, histology of tissue samples
should be conducted alongside PMCT, to confirm a gas embolism
diagnosis. In the future, meta-analysis of death time estimation
in cetaceans, in addition to rectal temperature-based method, is

crucial to facilitate the diagnostic accuracy during virtopsy and
necropsy. It is also important to minimize the freeze artifact on
the histopathology by performing necropsy without freezing the
carcass. For this, more local base facilities for cetacean necropsy
must be secured and a well-formed manpower network must be
established in Korea.

CONCLUSION

This report is the first to identify gas embolism in an East
Asian finless porpoise in Asian waters. Gas-filled cavitary lesions
were identified throughout the stranded animal’s body, especially
in the liver, by PMCT. Most of the liver parenchyma was
replaced by gas-filled cavitary lesions (0.5–25.0 mm in diameter),
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making the organ virtually impossible to function normally. Liver
cavities were surrounded by fibrotic capsules of 1.0–3.0 mm
thickness, which contributed to physical pressure on surrounding
organs by maintaining a firm and bubbly enlarged appearance
of the liver. These lesions have been reported in previous
studies as one of the representative aspects of gas embolism
by decompression syndrome. As small-sized air bubbles that
could have been missed in the necropsy were identified through
PMCT, histological analysis was performed in organs other than
the liver, and as a result, in vivo bubbles were identified in
kidneys, lungs, mesenteric lymph node, and stomach wall. This
case suggests that decompression syndrome can also occur in
East Asian finless porpoise in Asian water, but as only limited
information was obtained from frozen carcasses, investigation
should be conducted with fresh carcass in the future to secure
more detailed data.
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