Technical Note

Carbon Dioxide Insufflation of the Knee in the
Treatment of Full-Thickness Chondral Defects With
Micronized Human Articular Cartilage

Raffy Mirzayan, M.D., Joseph D. Cooper, M.D., and Jorge Chahla, M.D., Ph.D.

Abstract: BioCartilage (BC) is dehydrated, minced human hyaline articular cartilage that was developed as an adjunct to
microfracture surgery to help stimulate the bone marrow and stem cells to form hyaline-like tissue in full-thickness
chondral defects. The minced pieces of BC require a dry environment for application and can easily be disrupted by
residual moisture of saline solution in the surrounding tissues. We present a technique of carbon dioxide insufflation
during knee arthroscopy as a means of maintaining a dry environment for preparation of the bony bed during BC
augmentation of microfracture surgery. This technique is safe and provides more than adequate visualization, as well as a
dry environment, to make the arthroscopic application of BC significantly more efficient.

Microfracture procedure is a commonly used
technique to address small (<2 cm?) articular
cartilage defects in the knee. However, review studies
have shown that the resulting fibrocartilage does not
have long-term durability or the biomechanical char-
acteristics of the native articular cartilage.'” A recent
systematic review concluded that failure of the repair
could be expected beyond 5 vyears after the
procedure.” BioCartilage (BC) (Arthrex, Naples, FL)
was developed as an adjunct to microfracture surgery. It
is dehydrated, micronized human hyaline articular
cartilage that can be stored on the shelf and rehydrated
by autologous conditioned plasma (ACP; Arthrex)
before application. It acts as a scaffold and stimulates
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the bone marrow and stem cells to form hyaline-like
tissue in the defect. The challenge with arthroscopic
application of BC is that it requires a dry environment
for successful application. Saline solution arthroscopy,
even after fluid ingress has been shut off and the joint
has been suctioned dry, leaves the tissues moist, and
residual saline solution drips from the surrounding tis-
sues into the repair bed.

With the use of gas insufflation instead of saline so-
lution, a dry environment can be achieved throughout
the case, with optimal visualization. Medical-grade
carbon dioxide is readily available in operating rooms
and is used by general surgeons for insufflation of the
abdomen for endoscopic procedures. It is easily absor-
bed by the tissues and exhaled by the patient without
detrimental side effects.”” The use of carbon dioxide for
knee arthroscopy has been in practice since the 1980s,
and authors have found that it increases the field of
view, provides a more natural appearance of the knee
joint, and increases visualization by eliminating
floating debris of a blurred field due to bleeding
synovial villi.”*'® More recently, a group from Italy
described a technique of temporarily insufflating the
knee with carbon dioxide during matrix-induced
autologous chondrocyte implantation (MACI), which
also requires a dry environment.'' In the described
procedure, most of the case was completed with saline
solution; however, for the placement of the MACI
scaffold, the saline solution was drained and carbon
dioxide insufflation was used. A subsequent analysis of
the safety of this method showed no complications.'”
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Table 1. Pearls and Pitfalls for BioCartilage Application With Carbon Dioxide Insufflation of Knee

Pearls

Pitfalls

The knee is filled to a pressure of 15 mm Hg at a flow rate of
15 L/min.
Fog-reduction solution is applied to the lens to prevent moisture.

Defect bed preparation is key for a successful outcome. A set of
curettes and shavers is used for this purpose.

A smooth 0.062-inch Kirschner wire at low revolutions per minute
is used to minimize heat formation and avoid damaging the
subchondral bone.

BioCartilage is mixed with 0.8 ml of ACP to make a thick solution
that can stay in the defect.

An accessory superomedial inflow portal should be used for carbon
dioxide insufflation.

Visualization could be impaired by nonoptimal pressure settings.

Fog on the lens can make the procedure and visualization extremely
challenging.

Failure to prepare the bony bed could result in defective repair tissue
formation and less than optimal results.

Microfracture awls can disrupt the subchondral bone and
overgrowth of bone postoperatively compromising repair
outcomes.

A more fluid mixture of BioCartilage and ACP could make the
application of the product a challenging step.

Using the same inflow through the arthroscope trocar will not keep
the knee continuously insufflated.

ACP, autologous conditioned plasma.

A prospective trial comparing saline solution versus
carbon dioxide knee insufflation for anterior cruciate
ligament reconstruction found improved visualization,
faster operative times, and no major complications with
the use of carbon dioxide.”

We describe a technique of carbon dioxide insuffla-
tion for knee arthroscopy during BC augmentation of
microfracture surgery. We believe this safe technique
provides more than adequate visualization, as well as a
dry environment, to make the arthroscopic application
of BC significantly more efficient.

Surgical Technique

Preoperative Preparation and Positioning

The patient is positioned supine on the operating table
for knee arthroscopy. A tourniquet is applied to the
upper thigh as high as possible to maximize the oper-
ative field. A post is placed approximately at the level of
the tourniquet laterally on the operative leg to be used
as counter-pressure while valgus is being applied to
open the medial knee. The extremity is prepared and
draped in standard fashion. A marking pen is used to
outline the patella, tibial tubercle, and patellar tendon
as landmarks for the case. The lower extremity is
exsanguinated with an Esmarch bandage and the
tourniquet inflated. A list of pearls and pitfalls of this
procedure can be found in Table 1, and advantages and
limitations are shown in Table 2.

Arthroscopy and Insufflation

A standard anterolateral portal is placed in the “soft
spot.” The anteromedial portal is placed under direct
visualization (30° arthroscope) by first inserting an 18-
gauge spinal needle to mark the portal site and ensure
adequate access to the desired repair location. A third,
superomedial portal is created under direct visualiza-
tion for the inflow cannula, which is inserted through

the vastus medialis obliquus muscle (Video 1, Fig 1).
Carbon dioxide insufflation is carried out through this
portal. By use of an insufflation pump, the knee is filled
to a pressure of 15 mm Hg at a flow rate of 15 L/min.
Although not required in saline solution arthroscopy,
fog-reduction solution (Medline, Mundelein, IL) is
required with carbon dioxide. This is applied to the lens
to prevent moisture.

The surgeon performs a standard diagnostic arthros-
copy, evaluating all compartments of the knee.
Debridement of the Hoffa fat pad and debris in the field
of view can easily be performed with a shaver without
saline solution.

Microfracture and Bed Preparation

Microfracture is carried out as described by Mithoefer
et al.'"’ The lesion is identified (Fig 2) and debrided,
maintaining perpendicular walls of healthy surround-
ing cartilage at the margin of the lesion. The defect is
measured (Fig 3). The «calcified cartilage layer is
removed with a set of shavers and curettes. A smooth
0.062-inch Kirschner wire or a PowerPick (Arthrex) at
low revolutions per minute is used to perform the
microfracture. This minimizes heat formation and ne-
gates the need for saline solution irrigation without
aggressively disrupting the subchondral plate, as well as

Table 2. Advantages and Disadvantages of Carbon Dioxide
Insufflation of Knee for BioCartilage Treatment

Advantages
Effective means to keep defect dry
Availability of described technology in most operating rooms
Inexpensive
Reliable
Safe (multiple previous reports)
Disadvantages
Arthroscopic surgeons not used to this technology
Fogging of lens
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Fig 1. The accessory inflow cannula is inserted through the
superomedial portal through the vastus medialis obliquus of a
left knee, as viewed from the anterolateral portal. This sec-
ondary inflow cannula should be used for carbon dioxide
insufflation.

lowering the risk of subchondral edema and over-
growth of intralesional osteophytes postoperatively.
The number of holes (marrow vents) required is based
on the cartilage defect. Vents are created systematically
from the periphery of the defect and normal cartilage
junction spaced approximately 2 to 3 mm apart. Addi-
tional vents are created in the central portion of the
defect until they adequately fill the defect (Fig 4).

BC Preparation and Application

The BC is mixed with 0.8 ml of autologous condi-
tioned plasma. This amount of the products makes the
resulting paste thicker and more likely to stay within
the defect.

The trocar is inserted through an anterior portal. The
plunger is carefully and slowly pressed, advancing the
paste into the defect. It is best to underfill the defect
relative to the surrounding cartilage to avoid hyper-
trophic cartilage formation. An elevator can be used to
spread the paste evenly over the defect (Fig 5). Fibrin
glue (Evicel; Johnson & Johnson Wound Management,
Somerville, NJ) is then applied over the BC to seal the
product over the defect and allow curing for approxi-
mately 15 minutes (Fig 6).

Postoperative Management

The patient’s knee is immobilized in extension for
24 hours, and range of motion is initiated with
continuous passive range of motion for the first
3 weeks. The patient is kept non—weight bearing for

6 weeks, but there is no restriction on range of motion.
The patient is allowed weight bearing as tolerated at
6 weeks. However, impact activities are not permitted
until 4 months postoperatively.

Discussion

This study describes a surgical technique of carbon
dioxide insufflation of the knee for arthroscopic appli-
cation of BC in the augmentation of microfracture
repair of articular cartilage defects. The use of carbon
dioxide provides adequate visualization while main-
taining a dry environment for preparation of the repair
surface and application of the BC.

Medical-grade carbon dioxide has been safely used for
decades and is used by general surgeons in the perito-
neal space during endoscopic procedures. It is highly
soluble in blood and effectively exhaled through the
lungs.”” Carbon dioxide in the form of gas was the
preferred medium for arthroscopy until being replaced
by saline solution.” A report by Riddell” described the
use of carbon dioxide in over 3,000 knee arthroscopies
without a complication. More recently, Coletti et al.''
described the use of carbon dioxide arthroscopy for
MACI, a procedure that also requires a dry bed for
application. Their technique involved a standard saline
solution—based arthroscopy; the knee was then
drained, and carbon dioxide insufflation was used
during the MACI procedure. Vascellari et al.'? subse-
quently reviewed the group of patients treated by
Coletti et al. and found no complications related to
carbon dioxide use. In our experience, this technique

/

Fig 2. The full-thickness chondral defect is identified in the
trochlea of the left knee (viewed from anterolateral portal). A
probe can be used to further characterize the lesion and the
extent of the defect.



e4 R. MIRZAYAN ET AL.

Fig 3. The defect is debrided of abnormal damaged tissue and
measured (left knee). The ruler can be inserted through any
portal for ease of maneuvering the instruments (anteromedial
portal in this case).

leaves residual fluid in the synovial tissues that drips
into the repair bed and compromises BC application.
MACI is applied as a single intact collagen scaffold graft
with embedded chondrocytes and is placed with fibrin
glue. Although this requires a dry environment, the
graft is not as affected by residual moisture in the sur-
rounding tissues as is BC and is therefore more

Fig 4. Microfracture is performed with smooth K-wires or a
PowerPick on the trochlear defect, as viewed from the ante-
rolateral portal (left knee).

Fig 5. BioCartilage is applied over the trochlear defect in a left
knee, as viewed from the anterolateral portal. One should
note the dry nature of the paste not diluted by saline solution
or blood.

amenable to draining the knee and briefly insufflating
with carbon dioxide. By using carbon dioxide for
insufflation throughout the procedure, we create a
more ideal dry environment for the procedure.

Imbert and Schlatterer’ published a risk-benefit
analysis on the use of carbon dioxide insufflation dur-
ing anterior cruciate ligament repair. The use of carbon

Fig 6. Fibrin glue is applied over the BioCartilage, as viewed
from the anterolateral portal (left knee).
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dioxide in their study was more in accordance with our
published technique. The carbon dioxide was used
from the onset of the procedure, and saline solution
was used only sparingly to cool the shaver or perform
irrigation. Their analysis found no difference in end-
tidal carbon dioxide levels between the carbon diox-
ide and saline solution arthroscopy groups and found a
faster operative time in the carbon dioxide group.

A fatal or nonfatal air embolism has been described in
case studies during carbon dioxide arthroscopy of the
shoulder.'*!” However, this is attributed to insufflation
of a joint above the heart and noncollapsible veins
being exposed to pressurized gas. It has not been
described as a complication of knee arthroscopy.'’
Two previous case studies have described fatal pulmo-
nary embolisms during knee arthroscopy, but in both
cases, air—not carbon dioxide—was used to expand the
joint. Air is not as readily absorbed by surrounding
tissues and is no longer used.'®'? The most common
complication of carbon dioxide knee arthroscopy is
subcutaneous emphysema.””'? In the reported cases,
the emphysema was small, was localized, and
resolved within hours.”'?

In conclusion, carbon dioxide insufflation for knee
arthroscopy provides an effective means of visualization
and maintaining a dry environment for an effective
application of BC or other resurfacing therapies with a
relatively safe profile. Further clinical and basic science
studies are needed to determine the real effect of this
technique.
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Video 1. Surgical technique for the use of carbon dioxide insufflation of the knee in the treatment of full-thickness
chondral defects with BioCartilage (BC). The patient is positioned supine on the operating table, and the left knee is
prepared for surgery. Standard anterolateral and anteromedial portals are created. A third, superomedial portal is
created under direct visualization for the inflow cannula, which is inserted through the vastus medialis obliquus
muscle. Carbon dioxide insufflation is carried out through this portal. One nozzle of the inflow cannula is used for
the carbon dioxide inflow tubing; the other is occluded and remains unused. By use of a device pump, the knee is
filled to a pressure of 15 mm Hg at a flow rate of 15 L/min. After careful preparation of the defect, microfracture of
the defect is performed. The BC is then mixed with 0.8 ml of autologous conditioned plasma (ACP) and inserted
through the anteromedial portal. Fibrin glue is applied over the BC to seal the product over the defect. A probe is
inserted to ensure that the graft with the fibrin glue is dry and solid.
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