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Hepatic Cryoablation–Induced Acute Lung Injury
Pulmonary Hemodynamic and Permeability Effects in a Sheep Model
William C. Chapman, MD; Jacob P. Debelak, MS; Timothy S. Blackwell, MD; Kim A. Gainer, BA;
John W. Christman, MD; C. Wright Pinson, MD; Kenneth L. Brigham, MD; Richard E. Parker, PhD

Hypothesis: Hepatic cryoablation of 30% to 35% or more
of liver parenchyma in a sheep model results in eicosanoid and nuclear factor–kB (NF-kB)–mediated changes
in pulmonary hemodynamics and lung permeability.
Setting: Laboratory.
Interventions: At initial thoracotomy, catheters were
placed in the main pulmonary artery, left atrium, right carotid artery, and efferent duct of the caudal mediastinal
lymph node for subsequent monitoring in adult sheep. After a 1- to 2-week period of recovery, animals underwent
laparotomy and left-lobe cryoablation (approximately 35%
by volume) with subsequent awake monitoring and on
postoperative days 1 to 3.
Main Outcome Measures: Cryoablation-induced lung
permeability and hemodynamic changes were compared
with baseline values in sheep that underwent instrumentation. Similarly handled sheep underwent resection of a
similar volume of hepatic parenchyma or had pulmonary
artery pressure increases induced by mechanical left atrial
obstruction. Activation of NF-kB was assessed with electrophoretic mobility shift assay, and serum thromboxane
levels were measured with mass spectroscopy.
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Results: Cryoablation resulted in acutely increased mean
pulmonary (20 to 35 cm water) and systemic pressures,
which returned to baseline at 24 hours with no change in
cardiac output. Serum thromboxane levels increased 30
minutes after cryoablation (9-fold) and returned to baseline at 24 hours. Activation of NF-kB was present in liver
and lung tissue by 30 minutes after cryoablation. Lung
lymph–plasma protein clearance markedly exceeded the
expected increase from pulmonary pressures alone, and
increased lymph–plasma protein ratio persisted after pulmonary artery pressures normalized. Similar changes were
not associated with 35% hepatic resection.
Conclusions: This study demonstrates that 35% hepatic cryoablation results in an acute but transient increase in pulmonary artery pressure that may be mediated by increased thromboxane levels. Increases in
pulmonary capillary permeability are not accounted for
by pressure changes alone, and may be a result of NFkB–mediated inflammatory mechanisms. These data show
that cryosurgery causes pathophysiological changes similar to those observed with endotoxin and other systemic inflammatory stimuli.
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remains the
standard treatment for primary and selected metastatic tumors in the liver. Recently, hepatic cryoablation
has been used to ablate tumors that are otherwise unresectable. This technique involves circulation of liquid nitrogen through
metallic probes placed on the surface or into
the center of the tumor. A cycle of rapid
freezing followed by gradual thawing of the
tumor and surrounding hepatic parenchyma induces cell death by a variety of
mechanisms, including internal freezing,
cell membrane rupture, solute-solvent
shifts, and hypoxic cell death from smallvessel obliteration.1-3 This therapy appears to result in tumor ablation and patient survival comparable with that of
IVER RESECTION
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hepatic resection4-10 in selected singlecenter series.
Interestingly, while cryoablation of
small areas of the liver is usually well tolerated with minimal adverse effects, major
complications have been noted when more
than30%to35%ofthelivervolumehasbeen
treated with cryoablation.1,2 Complications
reported in this setting have included thrombocytopenia and disseminated intravascular coagulation, renal failure, hepatic failure,
and adult respiratory distress syndrome
(ARDS).11 These complications are now well
recognizedandhavebeendescribedasacryoshock phenomenon,12 although the responsible mechanisms for multisystem injury in
this setting have not been well defined.
Kupffer cells within the liver represent the largest pool of mononuclear
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MATERIALS AND METHODS
SURGICAL PROCEDURES
Adult yearling sheep (20-35 kg) underwent initial instrumentation at thoracotomy as previously described.14 In
brief, after induction of general anesthesia, catheters were
placed in the main pulmonary artery, left atrium, right
carotid artery, and efferent lymph duct of the caudal
mediastinal lymph node and tunneled subcutaneously to
the back for subsequent monitoring and access. Animals
were allowed a 7- to 14-day period of recovery, during
which they received food and water ad libitum.
On the day of planned intervention, a 2-hour baseline collection and monitoring period was established. During this time, continuous hemodynamic monitoring was
performed with data acquisition via pressure transducers
connected to a computer with data capture at 10-second
intervals. Pulmonary lymph flow collections were performed at 15-minute intervals, with aliquots placed on ice
and frozen for subsequent analysis. Blood samples were collected for blood gas analysis and serum protein determination as described below.
After baseline assessment, a midline laparotomy was
performed with the animal under general anesthesia. Cryoablation (n = 5) was performed with a combination of trocar probe placement (8 mm) and surface ablation with a
disk probe (Cryotech LC System 2000; Cryogenic Technology Ltd, Derbyshire, England) with careful isolation of
adjacent structures, including the gastrointestinal tract,
to avoid inadvertent organ injury. One freeze-thaw cycle
of the left lobe was induced, encompassing approximately
35% (by volume) of the liver, with careful maintenance of
normothermia during the freeze-thaw period. After completion of the freeze-thaw cycle, warmed isotonic sodium

phagocytic cells in the body (80%- 90%) and are known
to produce cytokine and eicosanoid mediators. It is possible that hepatic injury or dysfunction (with Kupffer cell
activation) may play a primary role in systemic inflammatory response and the development of ARDS. Blackwell et al,13 in a study from our laboratory, recently reported the induction of systemic inflammatory response
and overproduction of nuclear factor–kB (NF-kB)–
dependent cytokines and subsequent neutrophilic lung
injury in a rat model of cryoablation. The current study
was undertaken to investigate the pulmonary hemodynamic and permeability changes resulting from cryoablation with the use of a model of capillary permeability
changes that used unanesthetized sheep subjected to longterm instrumentation.
RESULTS

Sheep subjected to instrumentation were able to undergo cryoablation, with 1 postcryoablation death in this
group (20% mortality). This single animal was noted to
have hyperventilation and failed to fully recover from the
operative procedure. At autopsy, no evidence of intraabdominal hemorrhage, liver fracture, or other technical complication was noted. The remaining animals were
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chloride solution (200 mL) was instilled into the abdominal cavity, and the peritoneum, fascia, and skin were closed
in layers.
After the animal emerged from general anesthesia,
monitoring was initiated and continued for 6 hours after
cryoablation and for 4 hours on subsequent postoperative
days 1 through 4. Arterial blood gas sampling and plasma,
pulmonary, and lymph samples were collected for total protein measurements and thromboxane determinations as outlined below.
In separate studies, liver resection of a comparable
portion of the left lobe (approximately 35% by volume)
was performed in the sheep previously subjected to
instrumentation. This was performed with the use of
0-chromic catgut sutures placed in a horizontal mattress
fashion and with finger fracture and minimal blood loss.
Postresection monitoring and lymph and plasma samples
were collected for subsequent analysis, as in animals
undergoing cryoablation.
To determine the relationship between pulmonary artery pressure and lung lymph flow in this model, similarly
handled sheep underwent placement of a Foley balloon in
the left atrium with sequential inflation at steady state. In
these animals, increased left atrial pressure resulted in elevations of pulmonary arterial systolic, diastolic, and mean
pressures and increased plasma clearance.
To investigate NF-kB activation in the sheep in response to cryoablation, separate animals underwent a similar ablation procedure (approximately 35% liver ablation,
left lobe), with collection of tissue and blood samples at
baseline and at 30 minutes and 1, 2, and 3 hours after cryoablation. Liver samples were taken from the nonablated tissue, freeze-clamped, and stored at −70°C for subsequent
analysis. Peripheral lung tissue samples were collected in
a similar fashion. Serum samples were collected at similar
time points for assessment of thromboxane levels.

able to tolerate the instrumentation and cryoablation procedure without notable complications.
Hepatic cryoablation resulted in transiently increased pulmonary artery pressures, which returned to
baseline within 24 hours of the cryoablation (Figure 1).
There was a transient increase in systemic mean pressures that normalized by 24 hours after the cryoablation
procedure (Figure 2). There were no significant changes
in pulmonary or systemic arterial pressures after hepatic resection (data not shown). Arterial blood gas assessment demonstrated a significant decrease in PaO2 in
the immediate postcryoablation period (Figure 3).
Hepatic cryoablation was associated with markedly increased lung microvascular lymph flow (Figure 4)
immediately after cryoablation that persisted for 48 hours
after this procedure. There was a significant increase in
lung lymph–plasma protein clearance after cryoablation (Figure 5).
Analysis of normalized lung lymph flow rates and
plasma clearance (Figure 6) demonstrated a marked increase in pulmonary lung lymph–plasma protein ratios,
which were not accounted for by increased vascular pressures alone.
Plasma thromboxane levels were significantly elevated immediately after cryoablation (Figure 7) but
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Total protein concentrations were measured via a temperature-compensated refractometer (American Optical Corp,
Keene, NH), specially calibrated for measurement of sheep
plasma and lung lymph.
NUCLEAR PROTEIN EXTRACTION
Nuclear protein extracts were prepared from liver and lung
tissue by the method of Deryckere and Gannon,15 with protein content determined by the method of Bradford,16 as
we have previously reported.13
ASSAYS
ElectrophoreticmobilityshiftassaysforNF-kBwereperformed
as previously reported by Blackwell and Christman.17
Thromboxane B2 levels were determined by methods
previously described.18,19 After isolation of serum or plasma,
a standard 11-dehydrothromboxane B2–D4 (Cayman Chemical, Ann Arbor, Mich) was prepared by adding 100 µL of
water and 2 µL of 11-dehydrothromboxane B2–D4 (1 ng/
µL) to a microcentrifuge tube. For the serum samples, 100
µL was added to the 100 µL of water, and for the plasma
samples, 200 µL was added. Each sample and standard was
allowed to come to room temperature for 30 minutes, and
then a drop of 10% formic acid and 1 mL of ethyl acetate
were added to each tube and vortexed. The standard and
samples were centrifuged and the top layer was transferred to a reactive vial. Each tube was placed under a stream
of dry (anhydrous) nitrogen to evaporate the solvent
and recover or crystallize out the compounds dissolved;
then 100 µL of 0.5% methoxyamine in pyridine was added
to both samples and standard. These were allowed to

returned to baseline by 24 hours after the procedure. Similar increases were not observed after liver resection.
Hepatic cryoablation induced significant NF-kB activation in this model (Figure 8). Minimal basal NF-kB
activation was detected in liver and lung; however, there
was significant activation of NF-kB in nuclear extracts from
sheep liver and lung tissues at 30 minutes, 1 hour, and 2
hours after 35% hepatic cryoablation (Figure 8). Activation of NF-kB was most prominent in liver at each time
point. The specificity of detected binding on electrophoretic mobility shift assay is shown by cold and nonspecific
competition. The addition of 50 ng of specific NF-kB oligonucleotide markedly diminished the NF-kB bands (cold
competition), while the addition of 50 ng of unlabeled oligonucleotide that did not contain the NF-kB motif (nonspecific competition) did not affect NF-kB binding. These
findings authenticate the reliability of the bands identified
as NF-kB on electrophoretic mobility shift assay.
COMMENT

Cryotherapy of hepatic tumors is performed by inducing a cycle of rapid freezing followed by gradual thawing of the tumor and surrounding hepatic parenchyma
that produces tissue infarction and tumor involution. This
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incubate overnight at room temperature or for 1 hour at
40°C. After the incubation period, the tubes were again dried
under nitrogen. Once dried, the pentafluorobenzyl ester was
formed with 40 µL of 10% pentafluorobenzyl bromide and
20 µL diisopropylethylamine, and the samples and standards were allowed to stand in a 37°C water bath for 20
minutes. After the incubation period, the samples and standards were dried under nitrogen. The samples and standards were redissolved with 40 µL of methanol, loaded into
a silica gel thin-layer chromatography plate, and developed in a mobile phase with the use of a 98% ethyl acetate, 2% methanol solvent system. The corresponding area
around the standard (double bands at approximately 70 mm)
was scraped and extracted with 1 mL of ethyl acetate. The
samples were also extracted from the silica by eluting with
1 mL of ethyl acetate. After the extraction, the samples and
standard were reacted with 20 µL N,O-bis-trimethylsilyltrifluoroacetamide and 10 µL of N,N-dimethylformamide,
and they were allowed to stand at room temperature for 1
hour. Derivatization was completed by formation of the
trimethylsilylether derivative. The silation mixture was
evaporated and 20 µL n-undecane was added to each tube
to redissolve the samples and standards. The 11-dehydrothromboxane B2–D4 in each sample was quantitated by gas
chromatograph interfaced with mass spectrophotometer in
negative ion–chemical ionization mode monitoring ions 614
and 618 for endogenous thromboxane B2 and the tetradeuterated internal standard.
STATISTICAL ANALYSIS
Data are expressed as mean ± SE. Comparisons were made in
sheep undergoing cryoablation (baseline vs postcryoablation
measures) by paired t test or 1-way analysis of variance with
Student-Newman-Keuls test for differences between multiple
time points. We assumed significance for P values ,.05.
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Figure 1. Mean pulmonary artery pressure before and after hepatic
cryoablation. Cryoablation transiently increased pulmonary artery pressures,
with return to baseline by 24 hours and beyond. Asterisk indicates P,.05.

technique is thought to induce cell death by a variety of
mechanisms.2,3 Interestingly, while cryoablation of small
areas of the liver is usually well tolerated with few adverse effects, major complications have been noted when
larger volumes ($35% of total liver volume) have been
treated.3,6,11 Major pulmonary complications, including
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Figure 2. Mean systemic arterial pressure before and after hepatic
cryoablation. Cryoablation transiently increased systemic pressures,
with return to baseline by 24 hours and beyond. Asterisk indicates P,.05.
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Figure 4. Effects of hepatic cryoablation or resection on lung lymph flow
rate. Cryoablation induced an immediate increase in lung lymph flow rates
that persisted for 48 hours. Asterisks indicate P,.05.

the development of ARDS, have been noted after hepatic cryoablation11 but have not received substantial attention and the mechanisms have not been well defined. Previous data from our laboratory13,20,21 have shown
that hepatic injury in a rat model induces gene expression of the cytokines tumor necrosis factor a and macrophage inflammatory protein-2, and this cytokine ac(REPRINTED) ARCH SURG/ VOL 135, JUNE 2000
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Figure 6. Comparison of plasma protein clearance in sheep with
mechanically increased pulmonary pressure and animals undergoing hepatic
cryoablation. Hepatic cryoablation appears to increase lung microvascular
permeability to a greater degree than occurs with increased pressure
changes alone.
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Figure 3. Change in arterial blood PO2 after hepatic cryoablation or resection.
There was a decrease in PaO2 values immediately after cryoablation. Asterisk
indicates P,.05.
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Figure 5. Effects of hepatic cryoablation or resection on lung lymph–plasma
protein clearance. Cryoablation was associated with a significantly increased
lymphatic plasma protein clearance that persisted for 48 hours. Asterisks
indicate P,.05.
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Figure 7. Effects of hepatic cryoablation or resection on plasma
thromboxane B2 levels. Cryoablation resulted in significantly elevated plasma
thromboxane levels immediately after the procedure, with a return to a
baseline by 24 hours. Similar changes were not associated with hepatic
resection. Asterisk indicates P,.05.

tivation is associated with NF-kB activation in both the
liver and lung. Furthermore, our animal model of acute
liver injury is associated with severe neutrophilic lung
injury. A recent report by Seifert et al22 confirmed the reWWW.ARCHSURG.COM
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Figure 8. Electrophoretic mobility shift assay shows the time course of activation of nuclear factor–kB (NF-kB) in nuclear extracts from sheep tissue after 35%
hepatic cryoablation. Tissue samples from 2 sheep are shown at baseline (left) and at 30 minutes, 1 hour, and 2 hours after cryoablation (right). Minimal
activation is present in the liver or lung at baseline. However, significant activation of NF-kB is present by 30 minutes in the liver and to a lesser degree in the lung,
and remains activated at the 1- and 2-hour time points. Lane 5 represents a positive (Pos) result from the liver at 2 hours after cryoablation. In lanes 6 and 20,
addition of 50 ng of unlabeled, specific NF-kB oligonucleotide markedly diminished all 3 bands (cold competition [C]). The addition of 50 ng of unlabeled
oligonucleotide that does not contain an NF-kB motif (nonspecific competition [NS]) did not affect NF-kB binding (lanes 7 and 21).

lease of tumor necrosis factor a and interleukin 6 after
hepatic cryoablation in their rat model.
In the current study of cryoablation in the instrumented sheep model, hepatic cryoablation resulted in transiently increased pulmonary artery pressures that returned to baseline within 24 hours of the cryoablation.
There was also a transient increase in systemic mean
arterial pressures that normalized by 24 hours after the
cryoablation procedure. Arterial blood gas assessment demonstrated a slight decrease in PO2. These hemodynamic
effects were transient and did not appear to be associated
with major adverse effects.
Of interest, however, hepatic cryoablation was associated with markedly increased lung microvascular
lymph flow (Figure 4) and a significant increase in lung
lymph–plasma protein clearance immediately after cryoablation that persisted for 48 hours after this procedure.
Analysis of normalized lung lymph flow rates and plasma
clearance (Figure 6) demonstrated a significant increase in pulmonary lung lymph–plasma protein ratios,
which were not accounted for by increased vascular pressures alone. While increases in pulmonary artery pres(REPRINTED) ARCH SURG/ VOL 135, JUNE 2000
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sures can increase lung lymph–plasma protein clearance, the early increases in pulmonary pressures alone
were insufficient to account for the increased clearance
that we observed in this study. Furthermore, pulmonary pressures returned to baseline within 24 hours, yet
the increased lung lymph–protein clearance persisted for
48 hours after cryoablation. The reasons for the apparent increased capillary permeability in this model are
unknown, but we speculate that this may be related to
acute lung inflammation mediated in part by NF-kB–
dependent cytokine up-regulation.
The hemodynamic and permeability responses of
sheep to liver cryoablation are similar to that during
endotoxemia.14 Both have initial pulmonary arterial
hypertension (with concomitant increases in circulating
thomboxane B2 levels) and increased pulmonary microvascular permeability as indicated by large increases
in protein-rich lung lymph flow rate. One interesting
difference was the prolonged (.48 hours) apparent
increased permeability phase after liver cryoablation.
Normally, endotoxin-induced increased lung microvascular permeability returns to normal values 12 to 18
WWW.ARCHSURG.COM
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hours after the endotoxin challenge. It is possible that
the prolonged permeability phase is related to the
severely injured or necrotic liver tissue that is left in
place after cryoablation.
While the mechanism for increased complications
after cryoablation of 35% or more of liver volume has not
been fully characterized, it is likely not caused by direct
parenchymal loss, since up to 70% of hepatic parenchyma can be safely resected without risks of liver failure.23,24 A newer ablative modality, radiofrequency ablation, has not been associated with multisystem injury
in clinical studies.25,26 Radiofrequency ablation is currently limited to small-diameter (3-cm maximum) ablation zones because of technological limitations, so it remains unclear whether the lack of systemic injury is
related to small ablation volumes or to a differing effect
of a “heat-kill” technique compared with the “freezekill” method of cryoablation.
The true incidence of multisystem injury after cryoablation is unknown and difficult to quantitate precisely given the heterogeneous nature of patients being
treated, differing tumor types, surgeon experience, and
use with other therapies, including surgical resection and
radiofrequency ablation. In an attempt to more accurately assess this phenomenon, Seifert and Morris12 conducted a survey of 299 worldwide hepatobiliary centers
performing cryoablation. Forty-five percent of the centers responded and reported an observation of severe multisystem injury in 21 (1.0%) of 2173 patients treated with
cryoablation. Although infrequent, the cryoshock phenomenon accounted for 6 (18%) of the 33 deaths in this
report. While there are limitations to the validity of survey data such as this report, the study does document
the recognized problem of multisystem injury after cryoablation and confirms the need to avoid large-volume
cryoablation whenever possible.
Freezing small portions of liver has been shown, in
certain circumstances, to yield results equivalent to
those of resection, and complications in this setting
appear to be minimal. For larger-volume ablations,
however, it may not be surprising that the presence of
once frozen, then necrotic tissue in the body would
elicit a marked physiological response. We have identified 2 factors, thromboxane production and NF-kB activation, that are up-regulated after cryosurgery and may
mediate the downstream pathophysiological effects.
Future studies will investigate whether inhibition of
the production of NF-kB–dependent inflammatory
mediators can attenuate the lung injury observed after
cryoablation.
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DISCUSSION
H. Gill Cryer, MD, Los Angeles, Calif: Dr Chapman and his
colleagues designed an experiment to determine the mechanism of the development of major pulmonary complications
and ARDS in patients undergoing large tumor cryoablation similar to the patient that Dr Bilchek recently told us should not
be repeated. The reason is that these patients developed a severe systemic inflammatory response syndrome, ARDS, and multiple organ failure. In this experiment Dr Chapman and his
colleagues have shown that a 35% liver cryoablation in sheep
results in a pulmonary capillary leak that persists for 48 hours
and is associated with an increase in plasma thromboxane
levels and increased expression of the proinflammatory transcription factor NF-kB in both the liver and lung. These
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results are consistent with a systemic inflammatory response.
However, the overall clinical insult to these sheep was relatively mild. There was no hyperdynamic cardiac response.
There was only a mild decrease in PO2, and, at least from reading the manuscript and listening to the presentation, it did not
seem that these sheep really developed a severe pulmonary
injury. Did this model really result in a pulmonary inflammatory insult? Do you have histopathologic evidence such as
PMN [neutrophil] infiltration or alveolar injury?
In trauma patients who have retained injured liver, which
is similar to this experimental model, the liver injury represents an increased risk factor for the development of ARDS and
multiple organ failure. In some trauma patients, the pulmonary injury seems to be a graded response that is mild in some
patients and devastating in others, but begins very early after
the injury. Do you believe that your model represents a mild
form of ARDS beginning early after injury?
In other trauma patients, ARDS seems to develop a little
bit later. These patients have been shown to have circulating
PMNs that are primed to have an exaggerated activation response to a second stimulus. Do you think that perhaps in this
model the reason that your sheep did not have a major pulmonary injury is that the initial injury resulted in a priming state
of the neutrophils without activation? Do you have any evidence of the primed state of those neutrophils?
The importance of this study is that these animals did not
develop a severe pulmonary injury when they should have. How
can we duplicate that in our patients? It’s really quite an interesting phenomenon.
Are there any agents that you think might ablate the increase in pulmonary capillary leak, such as pentoxifylline or
lisofylline?
Lazar J. Greenfield, MD, Ann Arbor, Mich: It wasn’t clear
whether there was actually an increase in pulmonary vascular
resistance in these animals. In other words, what happened to
the cardiac output? Second, the hypothesis is based on a simulation of the destruction of tumor tissue, and since you were
destroying normal liver tissue, do you think you really achieved
a comparable injury? One of the potential differences would
be the fact that there are inflammatory cells associated with tumor infiltration, and their destruction could very well produce some of the same effects that you measured.
Finally, a lot of the changes that you show could be induced by a simple infusion of thrombin. I wonder if there were
any coagulation studies in these animals and also would echo
the concern about the histology and whether or not there were
any demonstrated inflammatory changes.
Ernest E. Moore, MD, Denver, Colo: As suggested by Dr
Cryer, this may have profound implications that apply to other
patient groups. If indeed the mechanism parallels the common phenomenon of ARDS following multiple inciting events,
then you should be able to document neutrophil infiltration,
up-regulation of ICAM-1 [intercellular adhesion molecule-1],
lavage IL-8, etc, in the lungs. Moreover, if this mechanism is
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confirmed, you may have an opportunity to arrest the process
by using preablation steroids or perhaps a small bolus of hypertonic saline to nullify the inflammatory process. Additionally, the elevation of thromboxane is reminiscent of models employing infrarenal aortic ischemia/reperfusion (I/R). In that
regard, have you attempted vascular isolation of the liver prior
to ablation to see if I/R is a contributing mechanism that may
augment the lung injury?
Steven C. Stain, MD, Pasadena, Calif: In the manuscript
you noted the Kupffer cells in the liver to be the largest source
of macrophages in the body. If you have a nonhepatic insult, ie,
a burn injury, pancreatitis, are the Kuppfer cells also activated
as they are in NF-kB activation in the hepatic insult to the liver?
Dr Chapman: In response to several of the questions that
were raised today about the true inflammation and presence
of neutrophilic lung injury in this model, we have not and did
not in this study look at neutrophilic lung infiltration. Now,
because this is a chronic instrumented model, those animals
are past their phase of changes that we observed by the time
they are sacrificed, so we didn’t have tissue samples out at that
stage. However, we looked at this and reported in the journal
Surgery just a couple of months ago our experience with a similar model in a rat model with 35% cryoablation in which we
do see and do demonstrate a severe neutrophilic lung injury
in that setting.
Why are there less serious ongoing manifestations of injury in this model? Several reviewers, Dr Greenfield and Dr
Cryer, raised this question. One of our animals, I didn’t mention it in the presentation, did die in the postcryo period while
it was undergoing management and assessment. We didn’t demonstrate any technical problem in that animal. These animals
in some ways do demonstrate less severe manifestations of lung
injury than one might expect in this model. I can’t answer the
question as to exactly why more severe manifestations weren’t
noted in these animals.
A question was raised about pulmonary vascular resistance. Cardiac output was not altered in these animals at any
point during their postcryo evaluation phase.
Dr Moore raised a question about this model and as a model
perhaps for other investigations of multisystem injury, particularly where hepatic injury may be a factor. We certainly think
this model does have some application in other settings. We
have looked at the use of TNF-a polyclonal antibody therapy
in a rat model and additionally have looked at the induction of
endotoxin tolerance in that setting and have shown a decrease
in the lung inflammation with pretreatment prior to cryoablation. We have not conducted any intervention strategies in this
particular sheep model, but those are studies that we do have
planned for future investigations.
Dr Stain raised a question about the role of Kupffer cell as
a large site of fixed macrophages in the body. Your point is one
that the liver may play a significant role in many other conditions that result in multisystem injury, and so from that standpoint this model may be useful in other settings as well.
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