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Abstract

OBJECTIVE—The purpose of this article is to report our intermediate to long-term outcomes 

with image-guided percutaneous hepatic tumor cryoablation and to evaluate its technical success, 

technique efficacy, local tumor progression, and adverse event rate.

MATERIALS AND METHODS—Between 1998 and 2014, 299 hepatic tumors (243 metastases 

and 56 primary tumors; mean diameter, 2.5 cm; median diameter, 2.2 cm; range, 0.3–7.8 cm) in 

186 patients (95 women; mean age, 60.9 years; range, 29–88 years) underwent cryoablation during 

236 procedures using CT (n = 126), MRI (n = 100), or PET/CT (n = 10) guidance. Technical 

success, technique efficacy at 3 months, local tumor progression (mean follow-up, 2.5 years; 

range, 2 months to 14.6 years), and adverse event rates were calculated.

RESULTS—The technical success rate was 94.6% (279/295). The technique efficacy rate was 

89.5% (231/258) and was greater for tumors smaller than 4 cm (93.4%; 213/228) than for larger 

tumors (60.0%; 18/30) (p < 0.0001). Local tumor progression occurred in 23.3% (60/258) of 

tumors and was significantly more common after the treatment of tumors 4 cm or larger (63.3%; 

19/30) compared with smaller tumors (18.0%; 41/228) (p < 0.0001). Adverse events followed 

33.8% (80/236) of procedures and were grade 3–5 in 10.6% (25/236) of cases. Grade 3 or greater 

adverse events more commonly followed the treatment of larger tumors (19.5%; 8/41) compared 

with smaller tumors (8.7%; 17/195) (p = 0.04).

CONCLUSION—Image-guided percutaneous cryoablation of hepatic tumors is efficacious; 

however, tumors smaller than 4 cm are more likely to be treated successfully and without an 

adverse event.
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The liver is a common site of primary and metastatic tumors [1]. In the United States, 

metastatic disease predominates, with tumors most frequently arising from the colon, breast, 

lung, and pancreas [2]. Because hepatic metastases are a common cause of mortality, there is 

a significant survival benefit from surgical metastasectomy, particularly for colon cancer 

metastases [3, 4]. However, many hepatic metastases (and primary tumors) are either too 

large or too numerous to be removed surgically [5]. In addition, many patients have multiple 

medical comorbidities that render surgical resection contraindicated [6]. Image-guided 

percutaneous tumor ablation is therefore a rapidly growing alternative for those patients who 

are not surgical candidates [7, 8].

The safety and efficacy of image-guided percutaneous ablations using heat-based agents for 

both hepatocellular carcinoma (HCC) and hepatic metastases have been shown [8–11]. 

Indeed, the results of radio-frequency ablation (RFA) of hepatic metastases from colorectal 

cancer compare favorably with those of surgical metastasectomy [9]. However, there is a 

relative paucity of data regarding percutaneous hepatic tumor cryoablation as an alternative 

to RFA or microwave ablation, particularly when the latter two options may not be feasible 

because of adjacent critical structures [12–19]. Some have postulated that there may be a 

reluctance to treat hepatic tumors with cryoablation, perhaps because of concerns for 

bleeding, liver fracture, and cryoshock that were observed many years ago during open cryo-

surgery [20]. However, these severe complications typically occurred after cryoablation of 

large tumors and involved the placement of applicators as large as 9 mm in diameter, much 

larger than those currently used percutaneously [21]. A single prospective randomized 

clinical trial compared percutaneous cryoablation to RFA for the treatment of HCC, and an 

equal overall 5-year survival rate was found [22]. However, that study included only patients 

with HCC, and all procedures were performed with CT guidance. Another recent study 

included metastases, as well as primary liver tumors, but used CT alone to guide all but one 

procedure [19]. Therefore, more data are needed to understand the role of cryoablation in the 

treatment of all hepatic tumors. We report our intermediate to long-term outcomes with 

image-guided percutaneous hepatic tumor cryoablation and evaluate its technical success, 

technique efficacy, local tumor progression, and adverse event rate.

Materials and Methods

Study Cohort

This retrospective cohort study was conducted after approval by the institutional review 

board of Brigham and Women’s Hospital; the need for written informed consent was 

waived. Our interventional radiology database was used to identify all image-guided 

percutaneous cryoablation procedures during which hepatic tumors were treated between 

November 1998, when the institution’s tumor ablation program began, and August 2014; the 

end date of the study period was chosen to allow adequate follow-up. Although cryoablation 

was often selected in lieu of heat-based techniques to treat tumors adjacent to critical 

structures, the retrospective nature of this study precluded meaningful analysis of selection 

criteria for cryoablation in comparison with other ablation technologies. In general, 

cryoablation was selected to treat tumors that were in close proximity to the gallbladder, 

diaphragm, major bile ducts, chest wall, bowel, or heart and when intraprocedural 
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monitoring of the ice ball was desired. All patients were referred for ablation by their 

primary internist, oncologist, or surgeon. Reasons for not performing surgery included 

multiplicity or location of hepatic tumors, concomitant distant metastatic disease, medical 

comorbidities, limited hepatic reserve secondary to prior surgery, or patient refusal. During 

the study period, 299 tumors in 186 patients (95 women and 91 men; age range, 29–88 

years; mean age, 60.9 years; range, 29–88 years) were treated during 236 procedures. The 

intent of cryoablation was local cure except for four tumors that were large or inseparable 

from adjacent critical structures, where the intent was de-bulking (n = 3) or palliation of 

symptoms (n = 1). All ablations were performed in a single session. Of 299 tumors in 186 

patients, 127 (42.4%) have been reported previously [23–26]. Each of these prior reports 

included a smaller number of patients, examined individual distinct aspects of hepatic 

cryoablation, and did not address the metrics, endpoints, and purpose evaluated in this study.

Tumor Characteristics

Two hundred ninety-nine tumors (mean diameter, 2.5 cm; median diameter, 2.2 cm; range, 

0.3–7.8 cm) were treated. Tumor size categories included tumors smaller than 1 cm (n = 9), 

1–1.9 cm (n = 103), 2–2.9 cm (n = 91), 3–3.9 cm (n = 53), 4–4.9 cm (n = 31), and 5–7.8 cm 

(n = 12). Of 299 tumors, 243 were metastases and 56 were primary liver neoplasms (50 

HCCs and six cholangiocarcinomas). The metastases were from colon carcinoma (n = 68), 

ovarian carcinoma (n = 30), gastrointestinal stromal tumor (n = 21), breast carcinoma (n = 

16), kidney cancer (n = 13), lung cancer (n = 12), leiomyosarcoma (n = 12), esophageal 

cancer (n = 11), pancreatic neuroendocrine tumor (n = 9), adenoid cystic carcinoma (n = 4), 

adrenal cortical carcinoma (n = 4), urothelial carcinoma (n = 3) carcinoid tumor (n= 2), 

thymoma ( n= 2), mesothelioma (n= 2), melanoma ( n= 2), and others ( n= 32).

Cryoablation Technique

All cryoablations were performed with a system using argon gas for cooling and helium for 

active thawing (Cryohit, Galil Medical). Procedures were performed by one of seven staff 

radiologists whose experience with tumor ablation ranged from 1 to 16 years depending on 

the study time point. Ablations were performed with general anesthesia (n= 177) or IV 

conscious sedation ( n= 59) and used CT (n = 126), MRI (n = 100), or PET/CT (n= 10) 

guidance. Almost all procedures were performed with the assistance of a trainee. From 1998 

to 2006, procedures (n = 65) were performed with 13-gauge applicators. Subsequently, 

procedures (n = 171) were performed with only 17-gauge applicators. A protocol consisting 

of a 15-minute freeze, 10-minute passive thaw, and a 15-minute freeze was used. Operators 

could deviate from the standard protocol and adjust the length of freezing or the percentage 

of cooling applied to each applicator on the basis of findings on intraprocedural images. 

Intraprocedural monitoring of the ice ball facilitated the treatment objective of achieving a 

minimum tumor ablation margin of 5–10 mm. When necessary, either another applicator 

was placed or the freezing cycle was lengthened [27]. Also, if the ice ball edge encroached 

on an adjacent critical structure, the power to that particular applicator was decreased. Mean 

applicator density (number of applicators used per tumor divided by tumor diameter) was 

1.41 applicators per centimeters of tumor diameter (range, 0.36–6.6 applicators/cm). In 

addition to monitoring ice ball growth with imaging during cryoablation procedures, 

ancillary maneuvers were performed in 27 procedures to displace adjacent critical structures 
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(22 hydrodissections, four artificial pneumothoraces, and one external hand compression to 

displace bowel). All patients were admitted to the hospital for observation after the 

procedure.

Technical Success, Technique Efficacy, and Local Tumor Progression

Patients were imaged at 24 hours with MRI with and without IV contrast material (or CT 

with IV contrast material if MRI was contraindicated) and then with MRI, CT, or PET/CT at 

3-month intervals for the first 6 9 months and then every 3 6 months thereafter. After 2 

years, patients were imaged yearly. A procedure was considered technically successful for 

the 295 tumors treated with curative intent if the tumor was completely included in the 

hypoenhancing ablation zone at 24 hours [28]. Four tumors that were treated for debulking 

or pain palliation were excluded from the technical success, technique efficacy, and local 

tumor progression calculations.

Technique efficacy that is, the percentage of tumors without local progression (defined as the 

absence of nodular or masslike enhancing components at MRI or CT or the lack of 

focal 18F-FDG avidity at PET/CT located in or contiguous with the ablation zone) at 3 

months after an ablation procedure was assessed for 258 tumors (209 metastases and 49 

primary tumors) [26] (Fig. 1). Thirty-seven tumors (12.5% [28 < 4 cm and 9 ≥ 4 cm]) lacked 

sufficient follow-up imaging (less than 3 months without documented recurrence) and were 

therefore excluded in the determination of technique efficacy. A single tumor with less than 

3 months of imaging follow-up recurred at 2 months and was included. Local tumor 

progression rates for the same 258 tumors, including all subsequent imaging follow-up, were 

calculated; 31.4% (81/258) of tumors had less than 12 months of follow-up, 25.6% (66/258) 

had 12–23 months of follow-up, 6.7% (43/258) had 24–35 months of follow-up, 7.4% 

(19/258) had 36–47 months of follow-up, and 19.0% (49/258) had at least 4 years of follow-

up (range, 4.2–14.6 years). The mean follow-up period was 2.5 years (range, 2 months to 

14.6 years).

Adverse Event Rate

Adverse events were graded using the National Cancer Institute’s Common Terminology 

Criteria for Adverse Events [29] and were identified according to a retrospective review of 

the electronic medical record for each patient. Acute kidney injury was defined as an 

increase in serum creatinine level of 0.3 mg/dL or greater above baseline [29]. Pre- and 

postablation platelet count, serum creatinine level, and serum myoglobin level were recorded 

for each procedure. All adverse events occurring within 30 days after each procedure were 

tabulated. The overall adverse event rate and adverse event rates by grade, using the most 

severe adverse event for each procedure, were calculated.

Statistical Analysis

The primary study endpoints were technical success, 3-month technique efficacy, local 

tumor progression, and adverse event rates. Secondary endpoints were postprocedural 

platelet count, serum myoglobin level, and serum creatinine level. Further analysis compared 

groups according to tumor size, guidance modality, applicator density, and histologic profile. 

The threshold diameter used to determine the effect of tumor size on results was selected 
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using recursive partitioning, as implemented in the rpart (Recursive Partitioning and 

Regression Trees) package of R (version 4.1-8, R Foundation for Statistical Computing). 

Pearson chi-square tests were used to compare technical success, technique efficacy, local 

tumor progression, and adverse event rates between tumors smaller than 4 cm and larger 

tumors, between primary tumors and metastases, and between guidance modalities. The t 
test was used to compare mean laboratory test values between groups, mean applicator 

density, and mean time to local tumor recurrence. A one-tailed z-test was used to compare 

rates of technical success and technique efficacy between tumor types to a threshold value 

(90%). A two-tailed z-test was used to compare local tumor progression to a threshold value 

(25%). A Kaplan-Meier curve was used to compare the time to progression between small 

and large tumors. The statistical significance level was set at p < 0.05. Data analyses were 

performed using R (version 3.1.0, R Foundation for Statistical Computing) and Stata 

(version 13, StataCorp).

Results

Technical Success

The overall technical success rate at 24 hours was 94.6% (279/295) in tumors treated with 

curative intent (Table 1 and Figs. 2 and 3). Of the 16 tumors that were not successfully 

treated at 24 hours, two were ablated a second time. The remaining 14 tumors were not 

ablated a second time; these patients were treated with systemic chemotherapy. The 

technical success rate was 96.1% (246/256) in tumors smaller than 4 cm and 84.6% (33/39) 

in tumors 4 cm or larger (p = 0.003) (Table 1). Technical success rates for metastases and 

primary hepatic tumors were 94.1% (225/239) and 96.4% (54/56), respectively (p = 0.50) 

(Table 1). Technical success varied among tumor types; ovarian cancer had the highest rate 

(100%; 30/30) and lung cancer had the lowest (72.7%; 8/11) (p = 0.02) (Table 2). Technical 

success rates were 92.5% (62/67) for colorectal carcinoma metastases and 95.5% (42/44) for 

HCC (p = 0.54) (Table 2). There was no statistically significant difference in technical 

success rates between procedures performed with CT, MRI, or PET/CT guidance (Table 1). 

The mean applicator density was higher when technical success was achieved (1.7 

applicators/cm tumor) compared with tumors in which technical success was not achieved 

(1.2 applicators/cm tumor) (p = 0.02).

Technique Efficacy

Overall, the technique efficacy rate at 3 months was 89.5% (231/258). The technique 

efficacy rate was 93.4% (213/228) for tumors smaller than 4 cm and 60.0% (18/30) for 

tumors 4 cm and larger (p < 0.0001) (Table 1). Technique efficacy rates were 88.5% 

(185/209) for metastases and 93.9% (46/49) for primary hepatic tumors (p = 0.27) (Table 1). 

When stratified by tumor type, the ablation of renal cell carcinoma metastases had the 

highest technique efficacy rate (100%; 11/11) and lung cancer metastases had the lowest 

(62.5%; 5/8) (p = 0.03) (Table 2). Technique efficacy rates were 88.5% (54/61) for colorectal 

carcinoma metastases and 93.2% (41/44) for HCC (p = 0.42) (Table 2). There was no 

statistically significant difference in technique efficacy between the procedures performed 

with CT, MRI, or PET/CT guidance (Table 1). The mean applicator density was higher in 
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tumors that were effectively treated at 3 months (1.7 applicators/cm tumor) compared with 

tumors that were not effectively treated at 3 months (1.2 applicators/cm tumor) (p = 0.007).

Local Tumor Progression

Local tumor progression based on all available imaging follow-up occurred in 27.1% 

(70/258) of tumors. Ten of the recurrences were treated successfully with repeat 

cryoablation procedures. Sixty of the recurrences were either not retreated (n = 53) or were 

retreated unsuccessfully (n = 7). Therefore, the local tumor progression rate adjusted for 

repeat treatments was 23.3% (60/258) (Fig. 4). Allowing for repeat treatments, local tumor 

progression occurred in 18.0% (41/228) of tumors smaller than 4 cm and in 63.3% (19/30) 

of tumors 4 cm or larger (p < 0.0001) (Table 1 and Fig. 4). Local tumor progression occurred 

in 23.0% (48/209) of metastases and 24.5% (12/49) of primary tumors (p = 0.82) (Table 1). 

Local tumor progression occurred in 24.6% (15/61) of colorectal carcinoma metastases and 

in 25% (11/44) of HCCs (p = 0.96) (Table 2).

The time to local tumor progression ranged from 1 to 29 months (mean, 9.4 months; median, 

7 months). Local tumor progression rates were higher for tumors 4 cm or larger compared 

with tumors smaller than 4 cm (Fig. 4). There was no significant difference in the mean time 

to local tumor progression between tumors smaller than 4 cm and those 4 cm or larger (10.3 

vs 7.6 months; p = 0.25). There also was no difference in mean time to local tumor 

progression between metastases and primary tumors (9.5 vs 9.5 months; p = 0.99). The 

mean applicator density was higher in tumors without local tumor progression (1.7 

applicators/cm tumor) compared with tumors with local progression (1.4 applicators/ cm 

tumor) (p = 0.005).

Adverse Events

One hundred fifteen adverse events were recorded in 80 procedures for an overall procedural 

adverse event rate of 33.8% (80/236) (Table 3). The adverse events were mild or moderate 

(grade 1 or 2) in 23.3% (55/236) of procedures and severe or greater (grade 3–5) in 10.6% 

(25/236) of procedures (Table 3). The overall adverse event rate was 31.3% (61/195) for 

tumors smaller than 4 cm and 42.9% (19/41) for tumors 4 cm or larger (p = 0.06). The grade 

3–5 adverse event rate was lower after the treatment of tumors smaller than 4 cm (8.7%; 

17/195) compared with tumors 4 cm or larger (19.5%; 8/41) (p = 0.04). There was no 

difference in the adverse event rate between procedures for metastases (33.7%; 64/190) and 

primary hepatic tumors (34.8%; 16/46) (p = 0.88). The adverse event rate was 42.9% 

(54/126) after procedures performed with CT guidance, 22.0% (22/100) after procedures 

performed with MRI guidance, and 40.0% (4/10) after PET/CT guidance (p = 0.004).

The 10 grade 4 adverse events (each in a different patient) included intraabdominal 

hemorrhage requiring emergent angiography and embolization (n = 3), disseminated 

intravascular coagulation managed with supportive care and blood products (n = 2), severe 

thrombocytopenia (platelet count < 25 × 103/μL) (n= 2), hemothorax requiring emergent 

thoracotomy (n = 1), pulmonary embolism (n= 1), and acute kidney injury requiring dialysis 

(n = 1) (Table 3). All patients with grades 1–4 adverse events recovered fully. The single 

grade 5 adverse event involved an 88-year-old man who died 3 days after cryoablation of a 
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7.8-cm colorectal cancer metastasis. Acute oliguric renal failure developed, thought to be 

secondary to myoglobinuria, and the proximate cause of death was aspiration with 

associated pulmonary edema. The mortality rate was 0.4% (1/236).

After cryoablation, a mean decrease in platelet count of 95.6 × 103/μL below baseline was 

observed, and in 36.4% (86/236) of procedures, the platelet count decreased below 100 × 

103/μL. Platelet transfusion was administered after 11.4% (27/236) of procedures, and more 

commonly after the treatment of tumors 4 cm or larger (22.0%; 9/41) compared with tumors 

smaller than 4 cm (9.2%; 18/195) (p = 0.02). The platelet transfusion rate was 18.1% (8/44) 

in patients who had thrombocytopenia (platelet count < 150 × 103/μL) before the procedure 

compared with 9.9% (19/192) in patients with a normal platelet count before the procedure 

(p = 0.12).

Acute kidney injury occurred after 7.2% (17/236) of procedures. The mean (± SD) 

maximum serum myoglobin level after cryoablation was 397.5 ± 511 ng/mL. Acute kidney 

injury was more common with a maximum serum myoglobin level greater than 1000 mg/dL 

(26.3%; 5/19) compared with serum myoglobin levels below 1000 ng/mL (5.5%; 12/217) (p 
= 0.001). All patients’ renal function returned to baseline within 3 weeks except for the 

single grade 5 adverse event described already. Patients were discharged the next day after 

67.8% (160/236) of procedures (mean hospital stay, 1.9 days; range, 1–31 days).

Discussion

Relative to heat-based ablation techniques, the principal advantage of cryoablation is that the 

effects of freezing (visualized as an ice ball) are well depicted intraprocedurally with CT and 

MRI and, to a lesser extent, with ultrasound; thus, the ablation can be monitored 

intraprocedurally [30, 31]. Intraprocedural monitoring of ice ball formation maximizes the 

chance of treating a tumor completely and minimizes the chance of harming adjacent critical 

structures. In addition, limited ice ball extension beyond the liver into the diaphragm or body 

wall has been shown to be associated with less pain and injury than RFA [32]. For these 

reasons, cryoablation has been favored by some to treat hepatic masses, particularly those 

that are close to critical structures, such as the diaphragm, chest wall, heart, lung, 

gallbladder, and biliary tree [24, 33]. The majority of experience with percutaneous image-

guided cryoablation has been in the treatment of HCC [16, 19, 22, 34] and, to a lesser extent, 

metastases [12, 19, 35]. However, to our knowledge, the overall safety and efficacy of 

percutaneous image-guided percutaneous cryoablation has not been defined in patients with 

a variety of primary and secondary hepatic tumors in a series using both CT and MRI 

guidance.

Our results show that a technically successful percutaneous cryoablation was achieved in 

94.6% of tumors. Of the 16 tumors that were not successfully treated at 24 hours, only two 

were ablated a second time. The remaining 14 patients all received systemic chemotherapy 

after the unsuccessful ablation but were not treated with another interventional procedure. 

The reasons for not repeating cryoablation are difficult to determine given the retrospective 

nature of the study, although half of these cases were performed very early in our 

institutional experience with cryoablation (in the first year) and therefore referring 
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physicians or the radiologist performing the ablation may not have been comfortable 

repeating treatment.

Our technical success rate of 94.6%, technique efficacy rate of 89.5% at 3 months, and local 

tumor progression rate of 23.3% compare favorably to the limited previously published data 

for percutaneous cryoablation of liver metastases, with technical success rates of 83 92% 

and technique efficacy rates of 47–85.4% [12, 18, 35, 36]. Previous studies of percutaneous 

cryoablation of HCC have reported technical success rates of 51–98.5% and technique 

efficacy rates of 69 75.8% [16, 22, 34]. A more recently published large single-center study 

of percutaneous CT-guided ablation of both primary and metastatic liver tumors found a 

local tumor progression rate of 5.5% for HCC, 11.1% for colorectal metastases, and 9.4% 

for noncolorectal metastases with a mean follow-up of 1.8 years [19]. The reason for our 

overall higher local tumor progression rate is uncertain but could relate to the type of 

metastases treated, overall length of follow-up imaging, or perhaps to technical factors such 

as applicator density. Indeed, in our study, mean applicator density was higher in tumors in 

which technical success and technique efficacy were achieved, and was also higher in 

patients without local tumor progression. The discrepancy between the technical success rate 

and local tumor progression rate shows that the 24-hour assessment of the ablation zone is 

not fully predictive of success. The fact that the tumor was fully encompassed at 24 hours 

but not fully treated suggests that viable neoplastic cells likely remained at the periphery of 

the ablation zone and, hence, a sufficient ablation margin was not achieved. We did not 

evaluate margins in this cohort, but theoretically, if the lethal isotherm is 5–10 mm within an 

ice ball’s edge, the ice ball needs to extend at least 1.0 cm beyond the tumor’s edge [37]. 

This likely was not achieved in many patients in our cohort and could explain local tumor 

progression in some patients.

The mean time to local tumor progression in our study was 9.5 months for primary hepatic 

tumors and metastases, similar to what has previously been reported for cryoablation (11.9 

months for HCC, 9.5 months for colorectal metastases, and 7.9 months for noncolorectal 

metastases) and RFA (13.7 months for HCC and 9.1 months for metastases) [19, 38]. Of 

those patients who did experience local progression, more than half did so within 6 months 

of their ablation and only one after 2 years.

Our results are also comparable to those reported with RFA in the treatment of hepatic 

metastases and HCC [9, 10, 30]. Reported technical success rates of RFA for metastases 

have varied from 93% to 100%, and technique efficacy rates have varied from 60.9% to 

88.1% [9, 39]. A recent study reported a local tumor progression rate of 22% at 12 months 

after RFA of colorectal cancer metastases [40]. However, technical success and technique 

efficacy rates for microwave ablation may be superior to those for cryoablation, with 

reported technique efficacy rates of 95.7% for primary hepatic tumors and 95.9% for 

metastases [41]. Our less efficacious results may be because we treated larger tumors, many 

of which may have been in locations adjacent to critical structures. However, the degree to 

which ours and others’ results were affected by proximity to critical structures is unknown.

Percutaneous cryoablation was more effective in treating tumors smaller than 4 cm. The 

effect of size on ablation efficacy is common to virtually all ablation technologies [33, 42]. 
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In our series, technical success, technique efficacy, and local tumor progression rates were 

all favorable for tumors smaller than 4 cm.

The effect of margin size on local tumor progression has been validated for heat-based 

ablations as well [43–45]. Indeed, a recent study of RFA revealed that an ablation margin of 

less than 5 mm was an independent predictor of local tumor progression [40]. However, 

complex tumor geometry and adjacent critical structures made achieving a sufficient margin 

difficult at times, particularly in large tumors.

In addition to tumor size, tumor biology affected technique efficacy. Cryoablation was more 

effective in treating less biologically aggressive tumors, such as pancreatic neuroendocrine 

tumor, renal cell carcinoma, and ovarian cancer, relative to more aggressive tumors, such as 

esophageal and lung cancer.

Regarding guidance modality, some have considered MRI the preferred imaging technique 

to guide cryoablation because of its ability to depict the ice ball signal void apart from the 

often T2-hyperintense tumor and its ability to more easily image in multiple planes [46] 

(Fig. 2). We were not able to show improved technical success, technique efficacy, or local 

tumor progression with MRI guidance in this study. However, adverse events were less 

frequent when MRI guidance was used compared with CT and PET/CT. The reason for this 

is uncertain, but could have been secondary to the improved visualization of the tumor and 

ice ball with MRI when compared with CT, allowing less freezing of adjacent normal 

hepatic parenchyma and perhaps less freezing of nearby critical structures.

The overall adverse event rate in the current study is concordant with previously published 

smaller single-center reports for percutaneous cryoablation of both metastases and HCC [22, 

36]. A recently published larger single-center study had an overall adverse event rate of 

5.8%, lower than ours, but with a similar mortality rate of 1.2% [19]. Although the exact 

explanation for our higher adverse event rate is uncertain, patients in this prior series 

received preprocedural corticosteroids and were aggressively hydrated with alkalinized 

fluids [19]. Our study had a higher adverse event rate (overall, 33.8%; severe or greater, 

10.6%) than microwave ablation (overall, 10.2%; major, 2.9%) or RFA (overall, 6.9%; 

major, 2.2%) [47, 48]. The reason for this discrepancy in adverse events between heat-based 

techniques and cryoablation is unknown. Comparing our data with other studies is 

confounded by the fact that the patient populations and other factors known to affect the 

likelihood of an adverse event, such as tumor size, tumor location, and applicator diameter, 

may differ. Although this notion is speculative, the systemic inflammatory or hematologic 

effects caused by liver tumor cryoablation may contribute to the overall increased adverse 

event rate [49].

Ablations of tumors 4 cm or larger were associated with an increased number of severe 

adverse events relative to smaller tumors, including the need for platelet transfusion. 

Thrombocytopenia after cryoablation has been described elsewhere [49]. A decrease in 

platelet count after hepatic tumor ablations can also be seen after heat-based ablations [50]. 

We encountered disseminated intravascular coagulation after three procedures, all of which 

occurred after the ablation of tumors larger than 3 cm (two larger than 4 cm) that 

Glazer et al. Page 9

AJR Am J Roentgenol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



necessitated including a large volume of adjacent normal hepatic parenchyma into the 

ablation zone. The ablation of a large volume of liver parenchyma during cryoablation has 

been shown to be associated with subsequent alterations in liver enzymes and platelet count 

[49]. To minimize the risk of bleeding due to thrombocytopenia, we monitor the platelet 

count immediately after the procedure and then every 12–24 hours until nadir is reached. 

Platelet transfusion is typically administered if the platelet count falls below 50 × 103/μL or 

if there is bleeding. To minimize the risk of hemorrhage, we typically perform hepatic 

cryoablation only in patients with an international normalized ratio of less than or equal to 

1.5 and a platelet count of greater than or equal to 75 × 103/μL.

Acute kidney injury occurred after 7.2% (17/236) of procedures. Its cause is likely 

multifactorial but myoglobinuria may have played a role [49]. Because acute kidney injury 

was more common with a maximum serum myoglobin level of over 1000 mg/dL, we 

measure serum creatinine and myoglobin levels immediately after the procedure, 

particularly in patients with preexisting renal insufficiency. For all patients with 

preprocedural renal insufficiency, or if the postprocedural serum myoglobin level exceeds 

1000 ng/mL, we administer alkalinized fluids (5% dextrose solution with 150 mEq/L 

sodium bicarbonate, 100–150 mL/hr for 24 hours) to decrease the risk of acute kidney 

injury. As with thrombocytopenia, myoglobinuria may also occur after heat-based ablations 

[50].

Our study had limitations. The retrospective nature of the study prompted excluding 12.5% 

of tumors from the assessment of technique efficacy because of insufficient imaging follow-

up. Most of these patients were lost to clinical follow-up but none had documented 

recurrences. There may have been a selection bias in selecting patients for cryoablation 

rather than heat-based techniques. Although selection bias would typically skew the data in a 

positive (favorable outcomes) fashion, it may have skewed the efficacy and adverse event 

rates in our series negatively because cryoablation was likely selected to treat tumors in 

challenging locations and adjacent to critical structures. In addition, determination of 

technical success and local tumor progression was based on imaging of the liver rather than 

pathologic assessment. The comparative analyses that evaluated the effect of tumor type and 

size, imaging guidance modality, and applicator density may have been affected by 

confounding variables. A prospective controlled study would be needed to fully evaluate the 

effect of these parameters on the efficacy and safety of hepatic tumor cryoablation. Finally, 

an analysis of the cost of the cryoablation procedures was not performed in this study but 

could be considered in a future study comparing cryoablation with heat-based ablation 

technologies.

In conclusion, the ability to monitor ice ball formation during CT- and MRI-guided liver 

tumor cryoablation procedures has been the principal reason for selecting cryoablation 

instead of heat-based techniques. In patients who undergo hepatic cryoablation, we 

recommend postprocedure assessment of platelet count and myoglobin as a way to monitor 

for frequently encountered hematologic alterations. Our 15-year experience shows that 

percutaneous cryoablation of hepatic tumors is a reasonably effective and safe alternative, 

particularly for the treatment of hepatic tumors smaller than 4 cm.
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Fig. 1. 
Flowchart of inclusion and exclusion criteria for determining technical success, technique 

efficacy, and local tumor progression of patients undergoing percutaneous image-guided 

cryoablation of hepatic tumors.
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Fig. 2. 55-year-old man with renal cell carcinoma metastatic to liver treated with percutaneous 
MRI-guided cryoablation
A, Preablation contrast-enhanced CT shows 2.1-cm peripheral metastasis (arrow) in segment 

VIII.

B, Intraprocedural T1-weighted unenhanced MR image shows ice ball as signal void 

(arrowheads).

C, Twenty-four-hour contrast-enhanced MR image shows ablation zone (arrowheads) 

surrounding nonenhancing tumor (curved arrow) with minimal enhancement of adjacent 

hepatic parenchyma.

D, Four-year follow-up subtraction image from contrast-enhanced MR image shows 

involution of ablation zone (arrow) and absence of residual or recurrent tumor.
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Fig. 3. 75-year-old man with colon cancer metastatic to liver treated with percutaneous CT-
guided cryoablation
A, Preablation contrast-enhanced MR image shows 1.2-cm metastasis (arrow) at liver dome 

medially, area often difficult to separate from diaphragm and heart using artificial ascites.

B, Intraprocedural unenhanced CT image shows hypoattenuating ice ball (arrowheads) 

directly adjacent to right atrium (curved arrow).

C, Twenty-four-hour contrast-enhanced MR image shows nonenhancing ablation zone 

(arrowheads).

D, Four-year follow-up contrast-enhanced MR image shows involution of ablation zone 

(arrow) and absence of residual or recurrent tumor.
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Fig. 4. 
Graphs of progression-free survival for all tumors (top) and according to tumor size 

(bottom). Dashed lines represent 95% CIs.
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TABLE 1

Technical Success, Technique Efficacy, and Local Tumor Progression of Percutaneous Image-Guided 

Cryoablation of Hepatic Tumors, by Tumor Size and Type and Guidance Modality

Variable Technical Success (n = 295) Technique Efficacy at 3 Months (n = 258) Local Tumor Progression (n = 258)

Tumor size (cm)

 < 4 96.1 (246/256) 93.4 (213/228) 18 (41/228)

 ≥ 4 84.6 (33/39) 60.0 (18/30) 63.3 (19/30)

 p 0.003 < 0.0001 < 0.0001

Tumor type

 Metastases 94.1 (225/239) 88.5 (185/209) 23.0 (48/209)

 Primary liver tumors 96.4 (54/56) 93.9 (46/49) 24.5 (12/49)

 p 0.50 0.27 0.82

Guidance modality

 CT 96.1 (146/152) 91.0 (122/134) 23.1 (31/134)

 MRI 92.3 (120/130) 86.5 (96/111) 25.2 (28/111)

 PET/CT 100 (13/13) 100 (13/13) 7.7 (1/13)

 p 0.26 0.23 0.37

Note—Except for p values, data are percentage (number/total) of hepatic tumors.
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TABLE 2

Technical Success, Technique Efficacy, and Local Tumor Progression of Percutaneous Image-Guided 

Cryoablation of Hepatic Tumors, by Type of Tumor

Type of Tumor Technical Success Technique Efficacy Local Tumor Progression

Colorectal cancer 92.5 (62/67) 88.5 (54/61) 24.6 (15/61)

Hepatocellular carcinoma 95.5 (42/44)a 93.2 (41/44) 25.0 (11/44)

Ovarian cancer 100 (30/30)a 96.6 (28/29)a 17.2 (5/29)

Gastrointestinal stromal tumor 95.2 (20/21) 85.7 (18/21) 23.8 (5/21)

Breast cancer 93.3 (14/15) 92.9 (13/14) 21.4 (3/14)

Renal cell carcinoma 100 (13/13) 100 (11/11) 15.4 (2/13)

Lung cancer 72.7 (8/11) 62.5 (5/8) 50.0 (4/8)

Esophageal cancer 100 (11/11) 85.7 (6/7) 28.6 (2/7)

Pancreatic neuroendocrine tumor 100 (9/9) 100 (9/9) 0 (0/9)b

Note—Data are percentage (number/total) of tumors.

a
Significantly different from 90% (p < 0.05).

b
Significantly different from 25% (p < 0.05).
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