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Abstract

Objective: To determine whether ease of access to thoracic structures for performing

open-chest cardiopulmonary resuscitation (OC-CPR)differedbetween fourth and fifth

intercostal space (ICS) left lateral thoracotomies in dogs, and todetermine if “shingling”

improved access for OC-CPRmanipulations.

Design: Prospective single-blinded study.

Setting: Laboratory.

Animals: Twelvemixed breed canine cadavers weighing approximately 20 kg.

Interventions: Left lateral thoracotomies were performed at the 4th ICS (n= 6) or 5th

ICS (n = 6). Shingling at the 4th or 5th ICS, as applicable, was performed after initial

data collection and outcomes were reassessed.

Measurements and main results: Three evaluators blinded to the surgical approach

scored the following parameters on a 0 to 10 scale (0 = easiest, 10 = most difficult):

ease of access of the phrenicopericardial ligament, ease of pericardial incision, ease of

appropriate hand position, ease of aortic access, ease of Rumel tourniquet application,

and ease of proper placement of defibrillation paddles. Objective measurements (time

to completion or number of attempts) weremade for all but ease of pericardial incision

and ease of appropriate hand position. Outcomes were reassessed after shingling.

The 5th ICS was superior for ease of aortic access (P = 0.042), time to visualization

of aorta (P = 0.009), and ease of application of a Rumel tourniquet (P = 0.019). When

comparing scores pre- and post-shingling, shingling improved time to visualization of

the aorta (P<0.001), time toplacementofRumel tourniquet (P<0.001), easeof paddle

placement (P= 0.017), and time to paddle placement (P< 0.001).

Conclusions: Either 4th or 5th ICS thoracotomy may provide adequate access

to intrathoracic structures pertinent to performing OC-CPR in dogs weighing

Abbreviations: ICS, intercostal space; OC-CPR, open chest cardiopulmonary resuscitation
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approximately 20 kg, but 5th ICS was preferred for most manipulations, and shingling

improved access for most of themeasured parameters.

KEYWORDS

canine, resuscitation, shingling, tourniquet

1 INTRODUCTION

Open-chest cardiopulmonary resuscitation (OC-CPR) is indicated in

certain cardiopulmonary arrest situations.Despite laboratory research

and clinical studies in humanmedicine having established the superior-

ity of OC-CPR compared to closed-chest cardiopulmonary resuscita-

tion with regard to cardiac output, aortic blood pressure, blood flow,

and perfusion,1–3 the technique for OC-CPR has not been described

in detail in the veterinary literature. The most commonly used inci-

sion location for emergent lateral or bilateral anterior thoracotomy in

human patients is the fourth or fifth intercostal space (ICS),4,5 with

second and third ICS approaches being considered obsolete.6 Like-

wise, the veterinary literature describes fourth or fifth ICS thoraco-

tomies for performing OC-CPR,7,8 without preference for a specific

ICS.

Open-chest CPR can be a life-saving measure to achieve a return

of spontaneous circulation. It has been proposed that OC-CPR be

performed immediately in human patients arriving in extremis with

loss of signs of life associated with conditions such as pleural space

compromise (ie, pneumothorax, pleural effusion, diaphragmatic her-

nia) and cardiac tamponade.9 The Reassessment Campaign on Vet-

erinary Resuscitation also suggests the employment of OC-CPR

for patients with significant intrathoracic disease that are in car-

diopulmonary arrest.10 Time is of the essence for resuscitative tho-

racotomy; hence, it is imperative that the optimal OC-CPR tech-

nique be determined for rapid intrathoracic access in veterinary

patients.

In addition to being expeditious, the surgical approach must

achieve sufficient access to intrathoracic structures, allowing resus-

citative maneuvers. Shingling is a procedure that may be performed

to enhance exposure during a unilateral lateral thoracotomy.* Shin-

gling is described as the complete transection of the rib caudal

(or cranial) to the thoracotomy incision at the costochondral junc-

tion followed by tucking the transected rib under the next caudal

(or cranial) rib. Shingling can be used with the intercostal thoraco-

tomy incision to improve access to intrathoracic organs. If further

exposure is required, the next caudal (or cranial) rib may also be

shingled.

The goal of this study was to compare 4th and 5th ICS left lat-

eral thoracotomies to determine whether the ease of access to the

thoracic cavity for performing OC-CPR manipulations in dogs dif-

fered by ICS. Secondarily, this study aimed to determine if shin-

gling improved access for OC-CPRmanipulations. It was hypothesized

that OC-CPR manipulations would be more easily achieved through

the 5th ICS than the 4th ICS. Second, we hypothesized that shin-

gling would improve the ease of performing the manipulations for

OC-CPR.

2 MATERIALS AND METHODS

2.1 Sample population

Twelve adult canine cadavers weighing approximately 20 kg each with

body condition scores† ranging from 3 to 6 were used for this study

(Table 1). These animals were procured from an animal shelter and

were euthanized for shelter management reasons. The institutional

animal care and use committee did not require approval for research

performed on cadavers. The shelter was not informed about the study

or study requirements. The cadavers were chosen by visual assess-

ment of the size and approximate body weight as determined by phys-

ically lifting the frozen cadavers while they were still in body bags.

The animal shelter does not undertake euthanasia decisions based on

the requirements of the institute. Brachycephalic breeds and barrel-

chested breeds were excluded. Approximate breed, gender, and body

weight were recorded for each cadaver. Cadavers were assigned to 1

of 2 groups, such that group 1 (n = 6) cadavers had a 4th ICS thora-

cotomy and group 2 (n = 6) cadavers had a 5th ICS thoracotomy per-

formed. All thoracotomies were performed by the same investigator

(FAM).

2.2 Preparation of cadavers

Cadavers were procured frozen and stored at 5◦C for 1 week. To

accelerate thawing, cadavers were placed outside the cooler at room

temperature (∼22◦C) for a few hours each day. Immediately prior to

performing the procedures, the cadavers were left at room temper-

ature overnight. The temperature of each cadaver was measured at

the time of data collection by placing a thermometer‡ in the center of

the thoracic cavity at the caudal aspect of the heart. Cadavers with

a temperature ≥16◦C were considered adequately thawed based on

the authors’ experience with the use of similar frozen/thawed cadav-

ers for teaching. Prior to performing the thoracotomies, the cadav-

ers were circumferentially shaved of hair around the thoracic region,

from approximately the level of the first rib to the last rib on both

sides to facilitate measuring the circumference of the thorax of each

cadaver.



WARANG ET AL. 333

T
A
B
L
E
1

Si
gn

al
m
en

t
o
fc
ad

av
er
s
(n
=
1
2
)u
se
d
to

co
m
p
ar
e
le
ft
4
th

an
d
5
th

in
te
rc
o
st
al
sp
ac
es

fo
r
o
p
en

-c
h
es
t
ca
rd
io
p
u
lm

o
n
ar
y
re
su
sc
it
at
io
n
te
ch
n
iq
u
es

C
ad
av
er

n
u
m
b
er

B
o
d
y
w
ei
gh
t

(k
g)

A
p
p
ar
en

t
b
re
ed

Se
x
(m

al
e,
m
al
e

n
eu

te
re
d
,f
em

al
e)

A
ge

cl
as
si
fi
ca
ti
o
n
(j
u
ve
n
ile
,

ad
u
lt
,m

at
u
re
)*

B
o
d
y
co
n
d
it
io
n

sc
o
re

(1
to

9
)§

C
ir
cu
m
fe
re
n
ce

o
f

ch
es
t
(c
m
)

Te
m
p
er
at
u
re

o
fc
ad
av
er

at
ti
m
e

o
fe
va
lu
at
io
n
(◦
C
)

1
2
1
.1
5

P
it
B
u
ll
m
ix

M
A
d
u
lt

5
5
9
.0
0

1
6
.5
0

2
2
5
.5
0

P
it
B
u
ll
m
ix

M
A
d
u
lt

5
6
4
.0
0

1
8
.0
0

3
1
8
.2
0

P
it
B
u
ll
m
ix

F
M
at
u
re

3
5
6
.0
0

1
8
.5
0

4
2
1
.5
0

P
o
in
te
r/
D
al
m
at
ia
n

M
C

M
at
u
re

4
6
6
.0
0

1
7
.5
0

5
2
4
.5
0

P
it
B
u
ll
m
ix

F
A
d
u
lt

6
7
2
.0
0

1
7
.0
0

6
1
8
.2
5

R
et
ri
ev
er

m
ix

M
M
at
u
re

4
6
2
.0
0

1
6
.0
0

7
2
3
.7
5

R
et
ri
ev
er

m
ix

F
A
d
u
lt

5
6
8
.0
0

1
6
.5
0

8
2
6
.4
5

P
it
B
u
ll
m
ix

F
A
d
u
lt

5
6
4
.0
0

1
8
.0
0

9
1
8
.8
5

P
o
in
te
r
m
ix

F
M
at
u
re

4
5
9
.0
0

1
9
.0
0

1
0

1
9
.0
5

P
it
B
u
ll
m
ix

M
A
d
u
lt

4
5
5
.0
0

1
9
.0
0

1
1

1
7
.0
5

P
it
B
u
ll
m
ix

F
M
at
u
re

3
5
6
.0
0

1
8
.5
0

1
2

2
1
.6
0

P
it
B
u
ll
m
ix

F
A
d
u
lt

4
6
0
.0
0

1
8
.0
0

*B
as
ed

o
n
d
en

ti
ti
o
n
,c
ad

av
er
s
cl
as
si
fi
ed

as
m
at
u
re

if
m
is
si
n
g
te
et
h
o
r
ap
p
ea
ri
n
g
m
at
u
re
.

§
N
es
tl
e
P
u
ri
n
a
B
o
d
y
C
o
n
d
it
io
n
Sc
o
re

(w
w
w
.p
u
ri
n
a.
co
m
).

2.3 Thoracotomy procedure

Left lateral thoracotomies were performed in all cases. The skin was

incised with a #10 scalpel blade 1 to 2 cm caudal to the caudal bor-

der of the scapula and extended from just below the vertebral bodies

dorsally to the sternum ventrally. The incision was deepened with the

scalpel to incise subcutaneous tissue and the cutaneous trunci mus-

cle. Using Mayo scissors to clear loose fascia, the ventral border of the

latissimus dorsi muscle was identified and this muscle was incised with

Mayo scissors from ventral to dorsal. The surgeon’s left index finger

was then insertedunder the latissimusdorsimuscle cranially to palpate

the first rib and count caudally to identify the 4th or 5th ICS, as appro-

priate. The convergence of the scalenus dorsalis and external abdom-

inal oblique muscles was visualized at the 5th rib to help verify the

intercostal location. Once the ICS was located, closed Mayo scissors

were used to bluntly enter the ICS, puncture the pleura, and allow the

lungs to collapse. The incisionwas extended dorsally and ventrallywith

Mayo scissors so that all specimens had incisions of equivalent length.

A Balfour retractor without the sternal blade was used for separating

the ribs. The Balfour retractor was openedmaximally, and the width of

the incision was measured at the midpoint of the thoracotomy to stan-

dardize the width of the thoracotomy incision to approximately 8 cm.

This was accomplished by marking the skin where the jaws of the Bal-

four blades rested on the cranial and caudal ribs with India ink and the

measuring distance between the 2markingswith a tape. Finally, drapes

were placed over the chest surrounding the thoracotomy site so that

the evaluators couldnot determinewhich ICSwasbeing evaluated. The

onlyway to assess the location of the incisionwas to count the ribs, and

the evaluators were instructed not to attempt to determine the ICS.

2.4 Data collection

Outcome measures were assessed by 3 evaluators, who each had

another person record their assessments. The investigator perform-

ing the surgical approaches (FAM) served as one of the recorders, but

was not one of the 3 evaluators. Evaluators assessed all 6 outcomes

(Table 2). For each outcome, results were subjectively assessed using

a 0 to 10 scale, with 0 being easiest and 10 beingmost difficult. In addi-

tion, objectivemeasurementsweremade using the time to complete or

the number of attempts needed to complete a given outcomemeasure

(Table 2).

All evaluators practiced performing and scoring each of the mea-

sured outcomes on a separate cadaver not enrolled in the data collec-

tion immediately prior to data collection. The procedures are outlined

below and numbered according to the outcome measures identified in

Table 2.

1. The phrenicopericardial ligamentwas graspedwith the index finger

of the left hand. All evaluators were right-handed.

2. The pericardial incision was performed with Mayo scissors. A small

incisionwasmade in the phrenicopericardial ligament at the apex of

http://www.purina.com
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TABLE 2 Outcomemeasures and number of cadavers evaluated for comparison of 4th and 5th intercostal space thoracotomies

Outcomemeasure Subjective score

Objective

measure

Number of cadavers

evaluated by each evaluator

1. Ease of access of the

phrenicopericardial ligament

0-10 Number of

sweeps

4

2. Ease of access to pericardial

incision

0-10 Not applicable 4

3. Ease of appropriate hand

position

0-10 Not applicable 12

4. Ease of aortic access 0-10 Time (s) 12

5. Ease of application of a

Rumel tourniquet

0-10 Time (s) 12

6. Ease of proper placement of

defibrillator paddles

0-10 Time (s) 12

the heart. Then, one of the blades of theMayo scissorswas inserted

to extend the pericardial incision, taking care to avoid the phrenic

nerve.

3. To achieve an appropriate hand position, the evaluators were

shown to place the right hand on the right lateral aspect (underside)

of theheart and theotherhandon the left lateral aspect (upper side)

of the heart. They were instructed to pump from the apex of the

heart towards the base.

4. Each evaluator was instructed to retract the left cranial lung lobe

ventrally with the left hand to visualize the heart and to point to the

aorta with a right-angle forceps held in the right hand. They were

handed the right-angle forceps by their recorders, at which time a

stopwatch was started. When the evaluators located the aorta and

pointed to the aorta with the forceps, the stopwatch was stopped.

5. The Rumel tourniquet was premade with a piece of silastic tub-

ing inserted into mosquito hemostatic forceps with umbilical tape

grasped in the jaws of the forceps (Figure 1). The evaluators

were instructed to penetrate the connective tissue around the

descending aorta immediately dorsal to the heartwith a right-angle

forceps and grasp the umbilical tapewith the jaws of the right-angle

forceps. After passing the umbilical tape around the aorta, both

ends of the umbilical tape were then grasped with the jaws of the

mosquito forceps, and the silastic tubing was slid down both ends

of the umbilical tape toward the aorta. The mosquito forceps were

then reset onto the umbilical tape strands against the silastic tub-

ing to tighten the umbilical tape around the aorta, maintaining the

aorta in a collapsed position (Figure 2). To record the time for appli-

cation of the Rumel tourniquet, the stopwatch was started when

the evaluators were handed the mosquito forceps. The stopwatch

was stopped when the evaluators finished re-setting the mosquito

forceps.

6. The evaluators were instructed to place defibrillator paddles

around the widest diameter of the heart. The time to proper place-

ment of paddles was started when the evaluators were handed the

defibrillator paddles by the recorder and stopped when the evalu-

F IGURE 1 Close-up view of custom-made Rumel tourniquet used
for descending aorta occlusion in comparing 4th vs 5th intercostal
space left lateral thoracotomy for open-chest cardiopulmonary
resuscitation, showing relationship of the hemostatic forceps, silastic
tubing, and umbilical tape prior to application to the cadaver

ator verbally indicated that they had achieved appropriate paddle

position.

All the evaluators wore the same size gloves (6.5). All evaluators

had limited experience with OC-CPR. Two of the evaluators (B and C)

were second-year small animal emergency and critical care residents

and had previously performed OC-CPR at least once. One of the eval-

uators (A) was a surgical intern and had not previously performed OC-

CPR, other than during the practice session denoted above.

On the day before data collection, cadavers were placed on tables

numbered 1 to 12 in a single room at approximately 22◦C. Cadavers

on odd-numbered tables had a 4th ICS thoracotomy, and cadavers on

even-numbered tables had a 5th ICS thoracotomy. Evaluators were

blinded to thoracotomy site. Evaluator A began at table 1, evaluator B
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F IGURE 2 Application of a custom-made Rumel tourniquet
occluding the descending aorta of a cadaver. Cranial is to the left and
dorsal is at the top of the photo

began at table 5, and evaluator C began at table 9. Each evaluator had

a person recording data alongside them.

Ease of access of phrenicopericardial ligament, number of sweeps

needed to grasp phrenicopericardial ligament, ease of pericardial inci-

sion, ease of appropriate hand position, ease of aortic access, time to

visualization of the aorta, ease of application of Rumel tourniquet, and

time for application of Rumel tourniquetwere sequentially assessed by

each evaluator on the first 4 cadavers they evaluated such that eval-

uator A assessed cadavers 1 to 4, evaluator B assessed cadavers 5 to

8, and evaluator C assessed cadavers 9 to 12. Following these assess-

ments, evaluators assessed the ease of appropriate hand position, ease

of aortic access, time to visualization of the aorta, ease of application of

Rumel tourniquet, and time for application of Rumel tourniquet on all

of the remaining cadavers that they had not yet examined. As the eval-

uators had 1 pair of defibrillator paddles, ease of proper placement of

defibrillator paddles and time to paddle placementwere evaluated one

by one by each of the evaluators after evaluating outcomes 1 to 5 on all

cadavers.

Once all evaluationswere complete, the 3 evaluators left the testing

room, and shinglingwas performed on all specimens by the same inves-

tigator who performed the original thoracotomy incisions. Shingling

was achieved by transversely cutting the rib caudal to the thoracotomy

incision. The rib was cut completely at the costochondral junction, and

then the rib was tucked under the next caudal rib, the caudal rib thus

being “shingled.” After shingling, evaluator A started at cadaver num-

ber 1, evaluator B started at cadaver number 5, and evaluatorC started

at cadaver number 9. All evaluators reassessed ease of appropriate

hand position, ease of aortic access, time to visualization of the aorta,

ease of application of Rumel tourniquet, and time for application of

Rumel tourniquetonall the cadavers following the samesequenceused

before shingling. Ease of access of phrenicopericardial ligament, num-

ber of sweeps to grasp the phrenicopericardial ligament, and ease of

pericardial incision couldnotbeassessedagain, as thephrenicopericar-

dial ligament and the pericardium were incised during the first round

of data collection. Again, the ease of proper placement of defibrillator

paddles was reassessed by all evaluators one by one after reassessing

the aforementioned outcomes on all cadavers.

2.5 Data analysis

Due to the variability in scores and the limited amount of data recorded

(n = 2 cadavers per evaluator at each ICS) for ease of grasping the

phrenicopericardial ligament, the number of sweeps, and ease of peri-

cardial incision, these data were not statistically analyzed. The scores

reported by the evaluators for these outcome measures are reported

in Table 3.

Thoracotomy incisional width, body weight, body condition score,

chest circumference, and cadaver temperature were compared

between groups (4th vs 5th ICS) using the t-test to assess homogeneity

among the experimental groups. For all other outcomes, scores or

times reported by the 3 evaluators were combined into a single value

by taking the geometric mean value of the 3 evaluators’ scores or

times. A repeated measures ANOVA was used to compare outcomes

pre- and post-shingling between 4th and 5th ICS. Ease of hand posi-

tion, time to visualization of aorta (in seconds), ease of aortic access,

time to application of Rumel tourniquet by clamping with umbilical

tape (in seconds), ease of application of Rumel tourniquet, time to

placement of paddles (in seconds), and ease of paddle placement were

the dependent variables. The independent variables included group

(4th or 5th ICS), shingling (pre- and post-) as the repeated measure,

and the interaction of group and shingling. Normality of the data

was checked using Shapiro–Wilk method, and equality of variances

was checked using the Brown–Forsythe method. Post-hoc pairwise

comparisons were made using the Holm–Sidak method. All analyses

were considered significant at P < 0.05. All data were analyzed using

commercial software.§

3 RESULTS

All measurements were completed as planned. Overall, mean ± SD

incisional width (4th ICS = 8.2 ± 0.6 cm and 5th ICS = 9.4 ± 1.3 cm,

P = 0.06), body weight (4th ICS = 20.6 ± 3.1 kg and 5th ICS = 22.1 ±

3.3 kg, P = 0.44), body condition score (4th ICS = 4.3 ± 1.2 and 5th

ICS = 4.3 ± 0.5, P = 1), chest circumference (4th ICS = 61.6 ± 6.7 cm

and 5th ICS = 61.8 ± 3.9 cm, P = 0.95), and cadaver temperature (4th
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ICS= 17.6± 1.1◦C and 5th ICS= 17.7± 1.0◦C, P= 0.89) did not differ

between the 4th and 5th ICS.

3.1 Access of phrenicopericardial ligament and
pericardial incision

Due to ease of access of phrenicopericardial ligament, the number of

sweeps to grasp the phrenicopericardial ligament, and ease of pericar-

dial incision only being scored on 2 cadavers by each evaluator in each

experimental groupwith no 2 evaluators scoring the same cadaver, sta-

tistical analyses were not performed for these outcomes, and only raw

data are presented (Table 3).

3.2 Hand position

Thedifference in themean±SDscore for easeof handpositionwasnot

significantly different between the 4th (3.1 ± 0.8) and 5th ICS (2.4 ±

0.8) (P= 0.138) but was significantly higher before shingling (2.9± 0.9)

than after shingling (2.5± 0.9; P= 0.024), irrespective of ICS, and there

was a significant interaction of ICS and shingling (P = 0.001). Post-hoc

pairwise comparisons revealed that the mean ± SD ease of hand posi-

tion score was lower for the 5th ICS (2.3 ± 0.6) than the 4th ICS (3.6

± 0.5) before shingling (P = 0.011); however, after shingling there was

no difference between the 4th ICS (2.6 ± 0.8) and 5th ICS (2.5 ± 1.0)

(P = 0.937). Furthermore, shingling improved ease of hand position at

the 4th ICS (3.6± 0.5 before vs 2.6± 0.8 after; P< 0.001) but not at the

5th ICS (2.3± 0.7 before vs 2.5± 1.0 after; P= 0.262).

3.3 Aortic access

Mean ± SD ease of aortic access score was lower for the 5th ICS (1.4

± 0.2) than the 4th ICS (2.1 ± 0.2) (P = 0.042); however, there was no

significant difference in ease of aortic access before (1.8± 0.8) or after

shingling (1.7 ± 0.4) (P = 0.165), and there was no significant interac-

tion between ICS and shingling (P = 0.077). Hence, in the model, the

difference in aortic access detected between the 4th and 5th ICS was

not dependent on shingling.

Mean± SD time to the visualization of the aorta was shorter for the

5th ICS (2.4 ± 0.5 s) compared to the 4th ICS (3.2 ± 1.0 s) (P = 0.009),

and mean ± SD time to visualization of the aorta post-shingling (2.3 ±

0.5 s) was shorter compared to pre-shingling (3.3 ± 0.8 s) (P < 0.001);

however, there was not a significant interaction between group and

shingling (P= 0.105). Hence, in themodel, the differences inmean time

to visualization of the aorta between the 4th and 5th ICS were not

dependent on shingling, and the differences detected before and after

shingling were not dependent on ICS.
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3.4 Application of Rumel tourniquet

Mean ± SD score for ease of application of the Rumel tourniquet was

lower for the 5th ICS (1.8±0.4) than the 4th ICS (2.9±1.1) (P=0.019);

however, there was not a significant difference between pre-shingling

(2.6 ± 1.1) and post-shingling (2.1 ± 0.8) (P = 0.050), and the inter-

action of ICS and shingling was not significant (P = 0.208). Hence, in

the model, the difference in mean ease of application of the Rumel

tourniquet score between the 4th and 5th ICS was not dependent on

shingling.

There was not a statistically significant difference in mean time to

placing the Rumel tourniquet by clamping with umbilical tape between

the 4th (25.3 ± 5.7 s) and 5th ICS (21.8 ± 4.0 s) (P = 0.067), but there

was a statistically significant difference in mean time to placement

between pre-shingling (26.7 ± 5.0 s) and post-shingling (20.4 ± 2.9 s)

(P < 0.001). However, the interaction of ICS and shingling was not sig-

nificant (P= 0.500). Hence, the differences detected between pre- and

post-shingling were not dependent on ICS.

3.5 Paddle placement

Mean ± SD score for ease of paddle placement did not differ between

the 4th (1.9 ± 0.6) and 5th (2.3 ± 0.9) ICS (P = 0.356), but there was

a difference in mean ± SD score for ease of paddle placement pre-

shingling (2.3 ± 0.6) vs post-shingling (1.9 ± 0.8) (P = 0.017). How-

ever, there was not a significant interaction between ICS and shingling

(P = 0.050). Hence, in the model, the differences detected pre- and

post-shingling were not dependent on ICS.

Mean± SD time to placement of paddles did not differ between the

4th (3.9 ± 1.0) and 5th (4.1 ± 1.0) ICS (P = 0.683), but there was a

difference between pre-shingling (4.6 ± 0.8 s) and post-shingling (3.4

± 0.8 s) (P < 0.001). However, there was not a significant interaction

between ICS and shingling (P= 0.093). Hence, in the model, the differ-

ences detected between pre- and post-shingling were not dependent

on ICS.

4 DISCUSSION

Canine closed chest compressions and OC-CPR are usually performed

in lateral recumbence for non-brachycephalic dogs and, hence, a lat-

eral thoracotomy was used for this study.11 A left-sided thoracotomy

was used in this study as it provided access to all thoracic structures

necessary for performingmanipulations forOC-CPR.However, a right-

sided thoracotomymight bemore appropriate if access to the right side

of the heart is needed. The results of this research might have been

different if a right lateral approach had been used. The model of OC-

CPR used in this study provided acceptable exposure, as determined

by the subjective score and objective measurements recorded for the

assessed parameters to intrathoracic structures via 4th and 5th ICS

thoracotomies, but the 5th ICSwas easier formostmanipulations (aor-

tic access, time to the visualization of aorta, and ease of application of

a Rumel tourniquet). The limited number of cadavers prevented statis-

tical analyses of some parameters (ease of grasping phrenicopericar-

dial ligament, number of sweeps to grasp the phrenicopericardial lig-

ament, and ease of pericardial incision), but preliminary data are pro-

vided (Table 3) to aid in the design of future studies. When comparing

scores pre- and post-shingling, shingling improved access for ease of

hand position, time to visualization of the aorta, time to placement of

Rumel tourniquet, ease of paddle placement, and time to paddle place-

ment. Some variability was expected among the 3 evaluators, but this

variability was minimized by calculating the geometric mean score or

time for each outcome measure before the final statistical analyses

were performed.

Open-chest CPR is performed when other non-invasive techniques

have been exhausted or are inappropriate and, as such, must be emer-

gently performed.12–14 Given the paucity of evidence in the literature

with regard toOC-CPR in dogs, it was deemed important to study best

practices for performing canine OC-CPR. Knowing which ICS provides

the best exposure to intrathoracic organs can help reduce the timenec-

essary to perform OC-CPR. The parameters evaluated in this study

were chosen because they were considered important components of

OC-CPR that could cause crucial timewastage if impeded by the surgi-

cal approach. Proper hand position is necessary to performmanual car-

diac massage efficiently and effectively. Locating the aorta and apply-

ing a tourniquet is important to direct blood flow towards the brain and

myocardium. Internal defibrillator paddlesmay be used in cases of ven-

tricular fibrillation. Results of the present study suggest that the 5th

ICS thoracotomyprovides better access to theheart and aorta formost

of the above-mentionedmanipulations, and these data provide prelim-

inary evidence that the 5th ICS should be used in future investigations

to determine the best surgical technique for OC-CPR.

Shingling is performed to improve exposure to the thoracic cav-

ity. With shingling, further exposure is facilitated by transecting the

adjacent caudal or cranial rib at the costochondral junction, and when

placing a retractor, such as a Finochetto or Balfour, the transected

rib is tucked under the next caudal (or cranial) rib. The results of the

present study should be interpreted after taking into account that

the same cadavers were used for post-shingling analysis as were used

for the first round of data collection. Shingling improved access for

ease of hand position, time to the visualization of aorta, time to appli-

cation of Rumel tourniquet, ease of paddle placement, and time to

paddle placement. These results were not unexpected as shingling

increases maneuverability, providing improved access to intrathoracic

structures. Further, ease of hand positioning was improved after shin-

gling at the 4th ICS but not at the 5th ICS, suggesting that, at least for

this parameter, shingling may be required when a 4th ICS incision is

chosen.

Care should be taken in translating these results to small and giant

breed dogs and dogs with different body conformations. We chose

dogs of similar body weight and conformation to reduce variability

and thus optimize the interpretation of results with the limited sample

size. While a narrow range of cadavers may not necessarily reflect all

patients encountered in small animal clinical practice, the results pro-
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vide initial guidance for future studies of OC-CPR, especially because

studies of human OC-CPR patients are difficult to extrapolate to vet-

erinary use.

In addition to scoring parameters on a subjective scale from 0 to

10, recording time for some parameters provided an objective proxy

for ease of access to intrathoracic structures and ease of perform-

ing intrathoracic manipulations. For ease of aortic access, the time to

the visualization of aorta reflected the subjective scores for the main

effect of ICS (4th vs 5th ICS), with the 5th ICS being easier than the

4th ICS. For main effect pre- and post-shingling, shingling was seen to

improve access based on time to the visualization of aorta. For ease

of application of Rumel tourniquet, subjective scores showed that the

5th ICS was easier than the 4th ICS, but time to proper placement of

the Rumel tourniquet was not found to differ between the 4th and

5th ICS. Shingling did, however, improve time to proper placement

of the Rumel tourniquet irrespective of ICS. Hence, subjective scor-

ing disagreed with time to result for placement of the Rumel tourni-

quet. For ease of paddle placement, subjective scores reflected time

to paddle placement scores, with no statistically significant difference

being noted between the 4th and 5th ICS. Although some outcomes

were statistically significant (eg, timed events), these data need to be

placed in a clinical context as small but statistically significant dif-

ferences may not impact outcomes in clinical applications. For exam-

ple, shorter times to perform individual manipulations would presum-

ably correlatewith better clinical outcomeswhenperformingOC-CPR;

however, survival and recovery could not be evaluated in the present

study.

The glove size (6.5) was the same for all evaluators, and all evalua-

tors were right handed. This helpedminimize variation between evalu-

ators. However, because hand size can play a role in access to the tho-

racic cavity, the results should be interpreted in the context of opera-

tors with reasonably small hands. Based on the presented results, it is

expected that individuals with larger hands would likely prefer a 5th

ICS thoracotomy. Further studies are necessary to evaluate the cor-

relation between hand size and access to intrathoracic organs to see

if there should be an alteration of technique to accommodate larger

hands or left-handed operators.

All the evaluators chosen for this study had relatively limited expe-

rience with OC-CPR. Evaluators with limited experience were chosen

so that they were adequately familiar with OC-CPR to provide useful

results but did not have a predetermined preference for one ICS over

another. Furthermore, the evaluators were trained in advance of data

collection to ensure that they used the same method to evaluate each

parameter. A board-certified critical care specialist or surgeonmay not

always be available to perform OC-CPR in clinical practice and, hence,

the results obtained hereinmay be applied to clinicians and technicians

with a limited range of experience with OC-CPR.

This study had some other limitations. Due to the limited number

of available cadavers, some parameters (ease of grasping the phreni-

copericardial ligament and ease of pericardial incision) could only be

performed once, resulting in insufficient data collection for statistical

analyses. Furthermore, to allow all evaluators to perform four peri-

cardial incisions, it was essential for them to follow a fixed sequence

of evaluation. Further studies with a larger sample size are needed to

overcome these limitations. The allocation of cadavers with 4th and

5th ICS incisions to odd- and even-numbered surgery tables, respec-

tively, may have introduced some bias; however, the evaluators were

blind to table assignment, and the thoracotomy site was masked by a

drape. Further, the evaluators may have achieved better proficiency

with the manipulations over the course of the study, thus impacting

their assessment of outcomes including the effect of shingling; how-

ever, given the basal skill set of the evaluators it is expected that any

influence of repeated assessment on proficiency would have been sim-

ilar among the 3 evaluators. Thawed cadavers with no apparent under-

lying disease may have been easier to manipulate than live dogs with

underlying diseases, such as pericardial effusion and hemothorax and,

hence, these data need to be interpreted in context. Furthermore, the

adequacy of OC-CPR to achieve return of spontaneous circulation and

other outcomes such as survival to discharge could not be assessed as

this was a cadaver study. Studies with dogs in cardiopulmonary arrest

are necessary to assess if the findings hold true in clinical practice.

In conclusion, this study showed that either 4th or 5th ICS left lat-

eral thoracotomy may provide adequate access to intrathoracic struc-

tures pertinent to performingOC-CPR in dogsweighing approximately

20 kg, but the 5th ICS was preferred for most manipulations, and shin-

gling improved access for most of themeasured parameters.
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