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INTRODUCTION

In-transit losses (ITL) of market-weight pigs is 
defined as pigs that die during transport from the farm 
to the abattoir or pigs that become nonambulatory dur-
ing transport and are euthanized on arrival to the abat-
toir (Ellis and Ritter, 2005). In-transit losses are not 
fully explained by commonly cited risk factors such 
as temperature, trailer stocking density, and journey 
length (Haley et al., 2008). The low percent of mar-
ket pigs that die during transport (Haley et al., 2008), 
compared with the large number of pigs exposed to 
known in-transit-loss risk factors suggests that indi-
vidual pig factors may influence losses during trans-

port. Existing health problems in in-transit-loss pigs 
have not been well studied, and postmortem exami-
nations are not routinely performed on in-transit-loss 
pigs. Health conditions existing prior to transport, in 
particular cardiac lesions, could make a market pig 
more susceptible to dying or becoming nonambulatory 
during transport and may be a missing component in 
explaining the variability of ITL. The purpose of this 
paper is to describe the lesions observed in postmor-
tem examinations of in-transit-loss pigs including their 
cardiac weights and weight ratios and to determine if 
it is plausible that any of the described findings could 
make a pig more susceptible to becoming an ITL.

MATERIALS AND METHODS

Sample Collection
The postmortem examinations and the collection 

and examination of hearts for this study occurred be-
tween June 2012 and April 2015. The in-transit-loss 
pigs examined were collected from 1 federally in-
spected pig abattoir in Ontario, Canada. At the time 
of collection, the abattoir was 1 of the 3 largest in 
Ontario, receiving approximately 15,000 to 20,000 
pigs per week. Pigs were identified by a tattoo that 
associates a pig with a geographic farm site and an 
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owner. Confidential information was known only to 
the abattoir staff; therefore, researchers did not have 
access to farm management or farm production data or 
the genetic information of the herds involved.

Carcass Postmortem Examination of In-Transit-
Loss Pigs and Collection of In-Transit-Loss Hearts

Agreements were established with the abattoir to 
collect in-transit-loss pigs for postmortem examination. 
The in-transit-loss pigs examined were a convenience 
sample of all in-transit-loss pigs at the abattoir based on 
the ability of the abattoir’s head of receiving to notify 
the project leader that an ITL had occurred. In-transit-
loss carcasses were then delivered within 3 h of notifi-
cation to the Animal Health Laboratory, University of 
Guelph, Guelph, ON, Canada, where the pathologist 
on duty completed a postmortem examination. Date of 
death, BW, sex, type of ITL (dead on truck or eutha-
nized), and gross pathological lesions observed during 
the postmortem examination were recorded.

Initial postmortem examinations of 27 in-transit-
loss pigs (data not shown nor included) indicated that 
cardiac lesions were the predominant pathology ob-
served in the in-transit-loss pigs. As a result, a detailed 
examination of the heart was initiated on all subse-
quent ITL collected in addition to the postmortem ex-
amination of each carcass. All subsequent hearts were 
removed intact and stored in 10% formalin for future 
examination by 1 pathologist (TVD) who followed a 
standard protocol (outlined below).

Standardized Heart Examination Protocol

After a minimum of 7 d of fixation in formalin, 
visible clots were removed from major vessels, non-
cardiac tissue was trimmed away, and the aorta and 
pulmonary artery were trimmed to their bases. The 
heart was then weighed, and the weight recorded as 
total heart weight (THW). The aorta and pulmonary 
artery and left and right atria were assessed for the 
presence of dilation. The heart was then sliced trans-
versely, approximately one-third of the distance be-
tween the base of the heart and the apex, and a digital 
photo was taken of the cross section of the base.

The presence of thickening and/or dilation of 
the left and right ventricles were recorded. If clots 
were found in the chambers, they were removed and 
weighed. The weight of the clots was subtracted from 
the THW. The atria were removed from the ventricles. 
The right ventricle (RV) was removed from the left 
ventricle (LV) and septum by cutting along the coro-
nary grooves. The RV and then the LV plus septum 
(LV+S) were weighed separately, and these weights 

recorded. Heart valves were examined and scored 
for the presence or absence of any thickening and/or 
nodularity.

Four transmural sections of approximately 0.5 cm 
thickness and 1 cm2 were taken from each heart per-
pendicular to the long axis of the LV. They included 
1) ventricular septum taken from approximately one-
third the distance between the aortic valve and the left 
ventricular apex, 2) posterior LV wall approximately 
half the distance between the mitral valve annulus and 
the left ventricular apex, 3) anterior LV wall approxi-
mately 2 cm lateral to the anterior descending coro-
nary artery, and 4) RV wall at the apex. In addition, 
a transverse section was taken of the proximal aorta 
dorsal to the aortic valves. Slides were routinely pre-
pared and stained with hematoxylin and eosin, and the 
presence of any lesions was recorded.

Statistical Analyses

The statistical program used for all analyses was 
Stata 14 (StataCorp LLC, College Station, TX). The 
number of unique farm sites, the bivariate variables 
of the number of in-transit-loss pigs collected in cool/
cold and warm/hot weather months (weather type), 
the sex of the pigs examined, and the type of ITL were 
calculated. The percentage of cases where a specific 
lesion was observed during carcass postmortem ex-
amination was calculated as the count of the specific 
lesion divided by the number of carcasses examined. 
The frequency of gross and histologic cardiac lesions 
observed was calculated. A Fisher’s exact test was 
used to compare the frequency of lesions between ITL 
type, sex, and weather type.

The average TWH, LV+S, RV, BW, heart weight 
(HW):BW ratio, and LV+S:RV ratio were calculated. 
A t-test was used to compare the HW and weight ratios 
between ITL type, sex, and weather type.

RESULTS

Carcass Postmortem
The in-transit-loss pigs examined (n = 85) came 

from 56 different farm sites. One ITL had an unre-
corded farm site ID. Forty-four percent of the pigs 
examined were collected during warm- and hot-
weather months (May–September) and the other 56% 
were collected during cool- and cold-weather months 
(October–April). The ratio of males to females in-
transit-loss pigs that had a postmortem examination 
completed and where sex was recorded was 45:23 (17 
pigs were missing the sex data). The ratio of the type 
of ITL (euthanized on the truck on arrival to the plant 
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vs. dead on arrival to the plant) was 33:52. The fre-
quency of postmortem observations were 12% (12/85) 
gastric lesions (gastrosplenic or colon torsion, ulcers, 
colitis, and hepatic tears); 16% (14/85) limb fractures; 
18% (15/85) respiratory lesions (other than pulmonary 
edema, e.g., tracheitis, pneumonia, pleural adhesions); 
22% (19/85) congestion of liver, spleen, or kidneys; 
73% (62/85) pulmonary congestion and edema; and 
100% (85/85) cardiac lesions (pericarditis, endocardi-
tis, dilation and/or hypertrophy of ventricles, dilation 
of aorta and pulmonary artery, and dilation of atria).

Significant differences in the postmortem ob-
servations were found between ITL type. Limb frac-
tures were greater for pigs that were euthanized (36% 
[12/33] euthanized vs. 4% [2/52] dead on the truck; 
P = 0.0001) and congestion of organs other than the 
lungs was greater for those that died on the truck (6% 
[2/33] euthanized vs. 33% [17/52] dead on truck; P = 
0.004). More in-transit-loss pigs had pulmonary edema 
and congestion (84 [31/37] vs. 65% [31/48]; P = 0.05) 
and congestion of liver, spleen, or kidneys (35 [13/37] 
vs. 13% [6/48]; P = 0.02) in warm/hot weather than in 
cool/cold weather, respectively. There were no signifi-
cant differences between postmortem findings by sex.

Gross Cardiac Lesions

Characteristic gross lesions of in-transit-loss hearts 
consisted of variable severity of overall cardiac enlarge-
ment, LV hypertrophy (100% [85/85]), RV hypertrophy 
(36% [28/77]), RV dilation (98% [83/85]), dilation of 
the atria (64% [54/85]), dilation of the pulmonary ar-
tery and aorta (87% [74/85]), thickening/nodularity of 
the atrioventricular valves (40% [34/85]), and pericar-
ditis (18% [15/85]). There were no differences in the 
gross lesions by ITL type, sex, or weather type.

Histologic Lesions

Six of the 85 in-transit-loss hearts were missing his-
tological data and were not included in the summary of 
histologic lesions. Myocardial fibers with hypertrophy 
(54% [43/79], degeneration (15% [12/79]), disorgani-
zation (32% [25/79]), atrophy and fatty replacement 
(42% [33/79], nuclear rowing/multinucleation (86% 
[68/79]), and interstial fibrosis (16% [13/79]) were ob-
served in addition to the lesions of medial hyperplasia 
(73% [58/79]) and perivascular fibrosis (44% [35/79]) 
of the intramural coronary arteries. There were no sta-
tistical differences in the presence of these lesions be-
tween type of ITL, sex, or weather type.

Heart and Body Weights And Weight Ratios

The average HW and HW ratios are listed in Table 1 
along with the comparison of the average values for 
hearts collected in cool/cold and warm/hot weather. 
Hearts collected in cool/cold weather had greater HW 
and weight ratios. There were no statistical differences 
in average HW and HW ratios by sex or ITL type.

DISCUSSION

Carcass Postmortem Examination
The health status of a finishing pig prior to trans-

portation affects a pig’s physiological response to 
stress (Ellis and Ritter, 2005). Preexisting lung or car-
diac disease could increase the risk of a pig becoming 
nonambulatory or dying during transport to the abat-
toir (Bergmann et al., 1988; Carr et al., 2005; Johnson 
et al., 2013). Our findings are in agreement with those 
of several researchers who have evaluated the lungs 
of in-transit-loss pigs and concluded that respiratory 
health was not a risk factor (MacGregor and Dewey, 
2003; Carr et al., 2005; Sutherland et al., 2008) and 
that the pulmonary congestion and edema observed 
were acute lesions (Clark, 1979; Bergmann et al., 
1988). The hypertrophy and dilation observed in the 
in-transit-loss pigs represent remodeling of the heart 
and vessel walls to compensate for compromised car-
diac output. The postmortem observations of gastro-
splenic torsion and hepatic tears could be a result of 
enlargement of these organs due to congestion from 
cardiac insufficiency (Robinson and Robinson, 2007).

It has been suggested that the relative low HW:BW 
ratio of modern domestic pigs (von Engelhardt, 1966; 
Niewold et al., 2000) may result in compensatory cardiac 
remodeling occurring to maintain cardiac output due to 
their well-muscled, fast growth (Yang and Lin, 1997). The 
cardiac lesions observed in in-transit-loss pigs together 
with the frequency of pulmonary congestion and edema 
and a lack of other significant findings suggest that the pri-
mary cause of death was acute heart failure. This is similar 
to the findings reported in the few studies on in-transit-
loss pigs where postmortem examinations were complet-
ed (Clark, 1979; Bergmann et al., 1988). Although it is 
commonly assumed that in-transit-loss hogs die of heat 
stress/heat stroke, it is difficult to distinguish from heart 
failure on postmortem examination (Leon and Kenefick, 
2012). In addition, the diagnosis of heat stress is often 
assumed without confirmation by postmortem examina-
tion, because it occurs during hot weather (Barton-Gade 
et al., 2007; Sutherland et al., 2009; Haley et al., 2010; 
Nannoni et al., 2016). The need for higher cardiac output 
to provide evaporative cooling during elevated tempera-
tures can result in collapse, muscle weakness, and clinical 
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signs of heart failure in humans with cardiac remodeling 
(Székely et al., 2015). Similarly, in-transit-loss pigs dur-
ing hot weather are often observed to be short of breath, 
have blotchy areas of pale and reddened skin, be weak, or 
be down and unable to rise prior their death.

No literature describing differences in organ con-
gestion or limb fractures by ITL type could be found. It 
is plausible to speculate that both these differences are 
explained by the length of time a pig was experiencing 
cardiac insufficiency until death. Pigs that died during 
transport may have had a greater level of cardiac dys-
function than those that were euthanized, and therefore, 
greater congestion of the organs was observed. Pigs that 
were euthanized had cardiac lesions but perhaps did not 
have dysfunction until after the fracture and the ensuing 
stress from that event occurred. Alternatively, these pigs 
may be experiencing symptoms of cardiac dysfunction 
(down, distressed, anoxic, and ataxic) that makes them 
more susceptible to fractures during transport.

Gross Cardiac Lesions

The dilation and hypertrophy in the ventricles of in-
transit-loss hearts were typical of compensatory changes 
occurring over weeks to months. The observation of RV 
dilation in in-transit-loss pigs is in agreement with the 
findings of Bergmann et al. (1988), who suggested that 
this lesion resulted in acute heart failure of pigs during 
transport. Gross RV dilation has been associated with 
RV dysfunction and poor prognosis in humans and pigs 
(Greyson et al., 2000; Madias, 2011). The moderate to 
marked ventricular hypertrophy observed in the hearts of 
in-transit-loss pigs was also reported by Liu et al. (1994). 
These researchers observed thickened ventricular wall 
measurements in the pigs and likened the findings to man-
ifestations of hypertrophic cardiomyopathy (HCM), a he-

reditary disease that can result in sudden death in humans 
and cats (Liu et al., 1994; Maron and Maron, 2013). It is 
plausible to speculate that pigs with ventricular dilation 
and/or hypertrophy would be less tolerant of the physical 
exertions experienced during loading and transport and 
would be more likely to succumb to acute cardiac failure.

Histologic Lesions

The lesions observed (medial hyperplasia and peri-
vascular fibrosis of the intramural coronary arteries), 
hypertrophy and cellular disarray, and nuclear rowing/
multinucleation are similar to those associated with HCM 
in humans (Hughes, 2004) and an HCM-like condition 
in pigs (Clark, 1980; Liu et al., 1994; Shyu et al., 2002). 
Additionally, thickening of the walls of intramural coro-
nary arteries in pigs has also been noted in association 
with endocardiosis (Robinson and Robinson, 2007) and 
disorganization of cardiomyocytes has been associated 
with early histologic changes of remodeling due to pres-
sure overload in the pig heart (Nediani et al., 2000).

Heart Weights, BW, and Ratios

The THW:BW ratio of a pig decreases with increas-
ing BW as the pig ages (Yang and Lin, 1997; van Essen, 
2017). Calculating the THW:BW ratio may indicate 
cardiac hypertrophy. Although the average THW:BW 
ratio for in-transit-loss pigs examined in this study fell 
within the normal THW:BW ratio reference ranges for 
pigs (0.32–0.48% [Robinson and Robinson, 2007] and, 
for 125-kg pigs, 0.28–0.42% [Wiseman et al., 2007]), 
the number of pigs used to establish these values was 
low (8 and 12, respectively), no ages were given, and 
the ranges were wide. The average THW:BW ratio for 
the in-transit-loss pigs was higher than the range listed 

Table 1. Average heart weights and heart weight ratios for 85 in-transit-loss finishing pigs from an Ontario, 
Canada, abattoir and the comparison of these measures between hearts collected in cool/cold (October–April) 
and warm/hot (May–September) weather months
 
Weight variable

Total ITL1  
average

Cool/cold weather average (SD)
n = 48

Warm/hot weather average (SD)
n = 37

 
P-value

Total heart weight, g 465.9
(80)

489.9
(85)

434.7
(60.9)

0.001

Left ventricle plus 
septum, g

282.7
(45.7)

291.8
(49.1)

271.0
(38.3)

0.04

Right ventricle, g 107.8
(22.5)

114.4
(23.6)

99.1
(18)

0.002

Left ventricle plus sep-
tum: right ventricle ratio

2.67
(0.36)

2.58
(0.35)

2.77
(0.35)

0.018

BW, kg 122.8
(9)

125.6
(10)

119.2
(7)

0.001

Total heart weight:BW 
ratio, g/kg

3.78
(0.54)

3.89
(0.56)

3.65
(0.50)

0.05

1ITL = in-transit losses.
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for 6- to 12-mo-old crossbred pigs without HCM-like 
cardiac lesions (n = 64; 0.33–0.35%; Liu et al., 1994). 
Several researchers have found increased THW:BW ra-
tios in pigs with cardiac lesions (Liu et al., 1994; Huang 
et al., 2001). The average THW:BW ratio for in-tran-
sit-loss pigs was lower than the range listed for 6- to 
12-mo-old purebred research pigs with HCM-like car-
diac lesions (h = 55; 0.39–0.53%; Liu et al., 1994).

The gross examinations of 85 in-transit-loss carcass-
es from 1 Ontario abattoir indicated the primary cause 
of death in the majority of pigs to be acute heart failure. 
It is plausible to speculate that pigs with the severity of 
cardiac lesions observed are likely unable to respond to 
the increased cardiac workload required during sorting, 
loading, and transport to the abattoir. Further research is 
needed to elucidate whether the compensatory lesions 
are a result of a primary cardiomyopathy or are due to 
the low THW:BW ratio of modern, fast-growing pigs.
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