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High-powered microwave ablation systems 
have shown the potential to create larger ab-
lation zones than radiofrequency ablation de-
vices, with similar applicator size and shape 
[13–15]. Although larger ablations may en-
hance treatment efficacy by improving abla-
tive margins, the risk of collateral damage 
may also be increased.

Radiofrequency ablation of peripheral liv-
er lesions abutting the diaphragm has been 
associated with increased postprocedural 
pain, rare diaphragmatic hernias, and an in-
creased rate of local tumor progression [16–
18]. To date, reports on the safety and effi-
cacy of hepatic microwave ablation have 
focused on the overall safety profile [19, 20], 
without specific attention to the sequela of 
diaphragmatic injury or local tumor progres-
sion rates when treating peridiaphragmatic 
tumors. Recently, a single-center retrospec-
tive study of liver lesions treated by ther-
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P
ercutaneous image-guided ther-
mal ablation has become an ac-
cepted treatment method for 
many tumors in the liver, kidney, 

lung, and bone [1–4]. In the liver, thermal ab-
lation is considered a first-line therapy for 
small (< 3 cm) hepatocellular carcinoma in 
the setting of cirrhosis and a second-line ther-
apy for the treatment of medically or surgical-
ly inoperable oligometastatic colorectal me-
tastases [5]. Percutaneous ablation has also 
been used successfully to treat benign hepatic 
tumors, such as giant cavernous hemangio-
mas and hepatocellular adenomas [6, 7].

Radiofrequency has been the most com-
mon energy source used for percutaneous 
thermal ablation of hepatic tumors to date. 
However, physical limitations that constrain 
ablation zone size have resulted in radio-
frequency ablation being most effective for 
treating tumors smaller than 2 cm [8–12]. 
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OBJECTIVE. The purpose of this study was to evaluate the incidence of clinically signif-
icant diaphragmatic injuries and local tumor progression after microwave ablation of hepatic 
tumors abutting the diaphragm.

MATERIALS AND METHODS. This retrospective study included 55 peripheral he-
patic tumors abutting the diaphragm treated by microwave ablation versus a control group of 
15 centrally located tumors. Treated tumors were further subdivided according to the use of 
artificial ascites (fluid vs no fluid) and whether instilled fluid achieved displacement of the 
liver surface away from the diaphragm (displaced vs nondisplaced). Measurements of tumor 
size, distance to the diaphragm, ablation zone size, displacement distance, length of the abla-
tion zone along the liver capsule, diaphragm thickness, diaphragmatic hernia, and local tumor 
progression were made on pre- and postablation CT and MRI. The electronic medical record 
was reviewed for patient self-reported pain scores and other symptoms. Data were analyzed 
by use of the Kruskal-Wallis and Fisher exact tests.

RESULTS. There were no cases of diaphragmatic hernia in peripheral or central tumors. 
Postablation diaphragm thickness was higher in peripheral hepatic tumors than in control tu-
mors. Peripheral tumors had an overall higher incidence of postprocedure shoulder pain (18% 
vs 0%) and local tumor progression (5.5% vs 0%) compared with control tumors, but these 
differences did not achieve statistical significance (p = 0.2 and p = 1, respectively).

CONCLUSION. Our study shows that microwave ablation of peridiaphragmatic hepatic 
tumors is safe, without incidence of diaphragmatic hernia, and can be performed with a low 
rate of local tumor progression.
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mal ablation reported two cases of diaphrag-
matic hernia in the microwave group (2/654 
[0.3%]), compared with zero of 376 in the ra-
diofrequency group. However, this particular 
study was not controlled for tumor location 
or ablation zone size [21].

The purpose of this single-center retrospec-
tive case series was to determine the incidence 
of clinically significant diaphragmatic injuries 
associated with hepatic microwave ablation.

Materials and Methods
Patient Selection

This study was approved by the institutional 
review board and complied with HIPAA. A ret-
rospective review was performed of all cases of 
percutaneous microwave ablation of liver tumors 
performed at our institution between 2010 and 2013 
with at least 1 month of imaging follow-up. From 
this dataset, a study group was identified according 
to a study by Kang et al. [22], who defined patients 

at risk for diaphragmatic injury as those with abla-
tion zones that directly contacted or were within 5 
mm of the liver capsule and diaphragm. The study 
group included 42 patients (28 men and 14 women; 
mean age, 59.4 years) with 55 hepatic tumors (30 
hepatocellular carcinomas, 23 metastases, and two 
hepatocellular adenomas). A control cohort con-
sisted of 13 patients (11 men and two women; mean 
age, 62.7 years) with 15 consecutively treated cen-
trally located (> 1.5 cm from the diaphragm) hepat-

A B

Fig. 1—59-year-old man with 
metastatic colorectal cancer 
and 1.6-cm metastasis in 
segment 8 of liver.
A, Preprocedure coronal CT 
scan shows close proximity of 
tumor to diaphragm (double-
headed arrow).
B, Immediate postprocedure 
coronal CT scan. Tumor 
has been ablated with 
two microwave antennas. 
Approximately 1200 mL of 
intraperitoneal 5% dextrose 
in water was used to separate 
liver capsule from diaphragm. 
Solid arrow represents 
displacement distance, and 
dashed arrow is length of 
ablation zone abutting capsule.

A
Fig. 2—61-year-old woman with cirrhosis and 3-cm 
hepatocellular carcinoma at hepatic dome treated 
with microwave ablation (3 microwave antennas, 7 
minutes, 65 Watts).
A, Preprocedure axial T1-weighted contrast-
enhanced MRI shows 3-cm hypervascular lesion 
(arrow) at hepatic dome.
B, Preprocedure coronal T1-weighted contrast-
enhanced MRI shows close proximity of tumor 
(arrow) to undersurface of diaphragm and heart.
C, Immediate postprocedure IV contrast-enhanced 
CT. Note large ablation zone in contact with medial 
diaphragm with no apparent diaphragm injury.
D, Immediate postprocedure coronal IV contrast-
enhanced CT shows that ablation zone abuts 
diaphragm over long segment. Patient experienced 
only intermittent sharp abdominal pain (rated 5/10) 
immediately after procedure.
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ic tumors (12 hepatocellular carcinomas, two met-
astatic tumors, and one hepatocellular adenoma) 
also treated by percutaneous microwave ablation.

Microwave Ablation Procedure
Percutaneous microwave ablation was per-

formed under general anesthesia using a high-
powered microwave ablation system (Certus 140, 
NeuWave Medical). Imaging guidance for anten-
na placement was provided by either ultrasound 
(E9, GE Healthcare) or CT fluoroscopy (Light-
Speed Advantage, GE Healthcare). One of five 
board-certified radiologists experienced in per-
cutaneous ablation performed all procedures. Ab-
lation time and power were recorded during all 
procedures. In some cases, intraperitoneal fluid 
was administered for thermal protection at the 
discretion of the performing radiologist. All pa-

tients underwent an immediate postablation con-
trast-enhanced CT scan. Patients were monitored 
for immediate postprocedural complications dur-
ing an overnight hospital admission.

Measurements
Preprocedure imaging was reviewed for tumor 

size, distance of the tumor to the diaphragm (Fig. 
1A), and preablation diaphragm thickness. Imme-
diate postablation imaging was done according to 
a standard biphasic protocol with 5-mm contiguous 
axial slices. These images were reviewed to mea-
sure the displacement distance provided by any in-
traperitoneal fluid between the hepatic capsule and 
diaphragm, ablation zone size, length of the abla-
tion zone contacting the liver capsule, and postabla-
tion diaphragm thickness (Fig. 1B). Ablation zones 
were evaluated on the portal venous phase. Tu-

mor size and ablation zone size were defined as the 
mean of the longest and orthogonal diameters. Di-
aphragm thickness and distance to the diaphragm 
were measured in the coronal plane in which the 
liver surface, ablation zone, and diaphragm were 
visible. Distance to the diaphragm and displace-
ment distance were measured as the shortest dis-
tance to the diaphragm on coronal images.

Patient Symptoms
The electronic medical record was reviewed 

for nursing documentation during the patient’s 
postprocedure overnight hospital admission. The 
number of patients reporting any shoulder pain 
during the admission was recorded. Pain scores 
were obtained from the nursing record of patients’ 
self-reported pain on the standard Visual Analog 
Scale 10-point pain scale.

C
Fig. 3—59-year-old woman with 6-cm metastatic uterine sarcoma in segment 8 of liver.
A, Preprocedure IV contrast-enhanced CT scan.
B, Preprocedure coronal IV contrast-enhanced CT scan.
C, Immediate postprocedure IV contrast-enhanced CT. Large ablation zone contacts diaphragm anteriorly. Note thin layer of fluid (arrow) as result of hydrodissection 
(450 mL of 5% dextrose in water) that separates liver capsule from diaphragm.
D, Immediate postprocedure coronal IV contrast-enhanced CT. Large ablation zone extends to hepatic dome. Note minimally increased thickness of diaphragm adjacent 
to ablation zone (arrow). Patient experienced mild shoulder pain (3/10 maximum) after procedure.
E, Follow-up CT 5 months later shows marked decrease in size of ablation zone, no evidence of diaphragm hernia or residual thickening, no local tumor progression, but 
new hepatic metastases.
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Patient Follow-Up
Patients were followed serially with either CT or 

MRI at target dates of 1, 3, 6, and 12 months after 
ablation. Imaging and radiologic reports were re-
viewed for diaphragmatic hernia and local tumor.

Statistical Analysis
Because the instillation of intraperitoneal flu-

id does not guarantee that the diaphragm will be 
displaced away from the hepatic surface at the ab-
lation zone, data were analyzed in several differ-
ent ways. First, an overall analysis of peripheral 
versus central liver tumors was performed. Sec-
ond, to take into account whether fluid actually 
separated the liver surface from the diaphragm, 
the study group was separated into the follow-
ing groups for subanalysis: displaced (visible flu-
id separating hepatic capsule and diaphragm) and 
nondisplaced (no visible fluid separating hepat-
ic capsule and diaphragm). Third, to account for 
the possibility that artificial ascites may lessen 
thermal damage, even if it does not visibly sepa-
rate the hepatic capsule and diaphragm, the study 
group was again divided into fluid and no-fluid 
groups for reanalysis. All study subgroups were 
compared with the control group.

Group-specific summary descriptive measures 
were obtained for continuous variables, and dif-
ferences were assessed with Kruskal-Wallis tests. 
Categoric variables were tabulated by group, and 
Fisher exact test was used to assess differences. 
Statistical significance was defined as p < 0.05 
(two-sided). There was no adjustment of p values 
for multiplicity. Exploratory plots were used to as-
sess possible violations in test assumptions. Abla-
tions were used as the unit of analysis; multiple 
ablations within the same subject were assumed to 
be independent. All statistical graphics and com-
putations were obtained in R software (version 
3.0.I, R Foundation for Statistical Computing) and 
were based on n − 1.

Results
Patient Population

Of the total 55 ablation zones identified 
for the study groups, 30 were in the nondis-
placed group (Fig. 2), and 25 were in the dis-
placed group (Fig. 3). When subdivided by 
fluid, 37 cases were in the fluid group, and 18 
were in the no-fluid group. There were 15 ab-
lation zones in the central control group (Fig. 
4). There was no statistically significant dif-
ference in the mean patient age, tumor size, 
and imaging follow-up between groups.

Ablation Power and Time
Ablation power and time was not signifi-

cantly different when comparing peripher-

al liver lesions to central liver lesions (Table 
1). In the subanalysis, power was statistically 
significantly lower in the nondisplaced group 
(70.8W ± 19.1) compared with the displaced 
(80.8W ± 23.7) and control (79.3W ± 19.6) 

groups (p = 0.02; Tables 1 and 2). There was 
no statistically significant difference in pow-
er between the no fluid (73.9W ± 23.2), flu-
id (76.1W ± 21.2), and control (79.3W ± 19.6) 
groups (Tables 2 and 3). No statistically sig-

TABLE 1: Peripheral Versus Central Tumors

Characteristic
Peripheral  

(n = 55)
Central  
(n = 15) p

Tumor size (cm) 2.5 ± 1.4 2.5 ± 1.0 0.7

Distance from tumor to diaphragm (mm) 4.6 ± 6.2 41.5 ± 20.4 < 0.001

Displacement distance (mm) 2.5 ± 4.3 0 0.002

Ablation zone size (cm) 4.3 ± 1.2 3.6 ± 0.8 0.05

Length of ablation zone butting capsule (cm) 3.6 ± 1.4 0 < 0.001

Ablation time (min) 6.5 ± 3 5.5 ± 2.5 0.2

Ablation power (W) 75.4 ± 21.7 79.3 ± 19.6 0.1

No. of diaphragmatic hernias 0 0

Diaphragm thickness before ablation (mm) 3.1 ± 1.2 3.0 ± 0.5 0.6

Diaphragm thickness immediately after ablation (mm) 4.0 ± 1.9 3.1 ± 0.5 0.2

Patients with shoulder pain, no. (%) 10 (18) 0 (0) 0.2

Average pain score 2.8 ± 2.1 2.4 ± 1.2 0.4

Initial pain score 3.5 ± 3.0 3.1 ± 2.2 0.6

Local tumor progression, no. (%) 3 (5.5) 0 (0) 1

Imaging follow-up (mo) 11.1 ± 7.9 14.1 ± 8.5 0.1

Note—Except where noted otherwise, data are mean ± SD. Peripheral tumors are those with ablation zone < 5 
mm from diaphragm. Peripheral liver tumors include all lesions ablated regardless of artificial ascites. Central 
tumors are those with ablation zone > 1.5 cm from diaphragm.

TABLE 2: Effect of Fluid Displacement

Characteristic

Ablation Abutting 
Diaphragm

Control  
(n = 15) p

Nondisplaced 
(n = 30)

Displaced  
(n = 25)

Tumor size (cm) 2.5 ± 1.5 2.6 ± 1.2 2.5 ± 1.0 0.6

Distance from tumor to diaphragm (mm) 4.9 ± 6.6 4.2 ± 6.0 41.5 ± 20.4 < 0.001

Displacement distance (mm) 0 5.6 ± 5.0 0 < 0.001

Ablation zone size (cm) 4.5 ± 1.3 4.1 ± 1.2 3.6 ± 0.8 0.1

Length of ablation zone abutting capsule (cm) 3.7 ± 1.6 3.4 ± 1.2 0 < 0.001

Ablation time (min) 6.0 ± 2.7 7.2 ± 3.3 5.5 ± 2.5 0.2

Ablation power (W) 70.8 ± 19.1 80.8 ± 23.7 79.3 ± 19.6 0.02

No. of diaphragmatic hernias 0 0 0

Diaphragm thickness preablation (mm) 3.2 ± 1.2 3.0 ± 1.2 3.0 ± 0.5 0.5

Diaphragm thickness immediately postablation (mm) 3.6 ± 1.3 4.4 ± 2.4 3.1 ± 0.5 0.3

Patients with shoulder pain, no. (%) 5 (16.7) 5 (20) 0 (0) 0.2

Average pain score 3.1 ± 2.2 2.5 ± 1.8 2.4 ± 1.2 0.4

Initial pain score 4.2 ± 3.0 2.7 ± 2.8 3.1 ± 2.2 0.1

Local tumor progression, no. (%) 2 (6.7) 1 (4) 0 (0) 1

Imaging follow-up (mo) 10.6 ± 6.6 11.6 ± 9.4 14.1 ± 8.5 0.2

Note—Except where noted otherwise, data are mean ± SD. Peripheral liver lesions are subdivided according 
to whether peritoneal fluid displaced the diaphragm away from the liver capsule (displaced vs nondisplaced).

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 2

60
3:

60
00

:8
14

0:
18

63
:f

5c
d:

44
a6

:c
07

a:
7e

28
 o

n 
12

/2
9/

20
 f

ro
m

 I
P 

ad
dr

es
s 

26
03

:6
00

0:
81

40
:1

86
3:

f5
cd

:4
4a

6:
c0

7a
:7

e2
8.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



AJR:204, January 2015 201

Microwave Ablation of Hepatic Tumors Abutting the Diaphragm

nificant difference in ablation times was de-
tected across groups. The slightly larger abla-
tion zone sizes in the treatment of peripheral 
tumors as compared with central tumors were 
marginally statistically significant (p = 0.05).

Diaphragm Injury
There were no cases of diaphragmatic 

hernia in any patient in our study, including 
both the study and control groups (Tables 
2 and 3). Diaphragm thickness on the im-
mediate postablation CT was higher in the 
peridiaphragmatic subjects, but was not sta-
tistically significant (p = 0.2; Table 1). This 
remained true when controlling for artificial 
ascites and diaphragm displacement (Tables 
2 and 3). There were a total of 10 cases of 
shoulder pain in the entire study group (con-
trol and peridiaphragmatic tumors). There 
were no cases of postprocedure shoulder 
pain in the control group versus five of 30 
(16.7%) in the nondisplaced group, five of 
25 (20%) in the displaced group, three of 18 
(16.7%) in the no-fluid group, and seven of 
37 (18.9%) in the  fluid group (Tables 2 and 
3). These differences in reported shoulder 
pain were not statistically significant be-
tween all groups.

Pain
Pain scores were higher in patients with 

peripheral liver tumors than in patients with 
centrally located tumors, but this differ-
ence was not statistically significant (Table 
1). The initial self-reported pain score in the 
nondisplaced group (4.2 ± 3.0) was higher 
than those for the displaced (2.7 ± 2.8) and 
control (3.1 ± 2.2) groups but was not statisti-
cally significant (Table 2). There were no sta-
tistically significant differences in the initial 
patient self-reported pain scores among the 
no-fluid (3.9 ± 2.7), fluid (3.3 ± 3.1), and con-
trol (3.1 ± 2.2) groups (Table 3). The mean 
pain scores across the patient hospital admis-
sions were also not statistically significantly 
different between groups (Tables 2 and 3).

Local Tumor Progression
The overall rate of local tumor progres-

sion in our study was low (3/69 [4.3%]). The 
frequency of local tumor progression was 
higher for peridiaphragmatic tumors than for 
central tumors (3/55 [5.5%] vs 0/15 [0.0%]) 
but this difference was not statistically sig-
nificant (p = 1). Median follow-up of central 
tumors was 16 months (1–27 months), and 
median follow-up of peripheral tumors was 
10 months (1–33 months).

Discussion
This retrospective study was undertaken 

to determine whether microwave ablation 
of subdiaphragmatic liver tumors is associ-
ated with a substantial risk of clinically sig-
nificant diaphragm injuries and local tumor 
progression. We found that there was no sig-
nificant difference in postprocedure pain and 
diaphragm hernias when comparing periph-
eral and central ablations. In fact, there were 
no cases of a significant complication in our 
entire study population. We also gathered 
data on surrogate measures of diaphragm in-
jury, as described by prior authors [18, 22, 
23]. Although postablation diaphragm thick-
ness and shoulder pain were higher after mi-
crowave of peridiaphragmatic tumors com-
pared with control tumors, these differences 
were not statistically significant. Therefore, 
our results suggest that collateral heating of 
the diaphragm may result in transient post-
procedure symptoms but is not associated 
with a high rate of major complications, such 
as diaphragmatic perforation or hernia.

Many cases of hepatocellular carcinoma 
and hepatic metastases are peripherally lo-
cated in close proximity to the diaphragm. As 
microwave devices become more commonly 
used in the treatment of peripheral and larger 
tumors, it is expected that more ablation zones 
will come into contact with the diaphragm. 

Therefore, an understanding of the risks as-
sociated with treating peridiaphragmatic tu-
mors is needed to elucidate whether protective 
or alternative strategies are necessary. Indeed, 
case reports and retrospective studies of ra-
diofrequency ablation of subdiaphragmat-
ic liver lesions have suggested an increased 
risk of both diaphragm injury and local tumor 
progression [16–18, 22, 23]. However, many 
of these cases involved deployable radiofre-
quency electrodes and multiple treatments. 
Deployable electrodes may increase the like-
lihood of diaphragm injury due to both a dia-
phragm burn and protrusion of a tine through 
the diaphragm muscle. One recent study, al-
though not controlled for ablation location, 
found an overall increased (but still low) in-
cidence of diaphragm injury in microwave 
cases compared with radiofrequency abla-
tion [21]. Although we report no cases of di-
aphragmatic hernia in this study, our sample 
size was smaller and therefore possibly under-
powered to detect a low incidence complica-
tion. It is likely that, in the future with longer 
follow-up and more patients, diaphragm her-
nia will be encountered, but the data in this 
study suggest that the incidence will be low.

Local tumor progression was slightly 
higher for peridiaphragmatic tumors ver-
sus central control tumors (5.5% vs 0%), but 
this difference was not statistically signifi-

TABLE 3: Effect of Artificial Ascites

Characteristic

Ablation Abutting 
Diaphragm

Control  
(n = 15) p

No Fluid  
(n = 18)

Fluid  
(n = 37)

Tumor size (cm) 2.5 ± 1.7 2.6 ± 1.3 2.5 ± 1.0 0.7

Distance from tumor to diaphragm (mm) 6.3 ± 7.5 3.7 ± 5.5 41.5 ± 20.4 < 0.001

Displacement distance (mm) 0 3.8 ± 4.9 0 < 0.001

Ablation zone size (cm) 4.4 ± 1.4 4.3 ± 1.2 3.6 ± 0.8 0.1

Length of ablation zone abutting capsule (cm) 3.5 ± 1.4 3.6 ± 1.4 0 < 0.001

Ablation time (min) 5.5 ± 1.9 7.0 ± 3.3 5.5 ± 2.5 0.2

Ablation power (W) 73.9 ± 23.2 76.1 ± 21.2 79.3 ± 19.6 0.2

No. of diaphragmatic hernias 0 0 0

Diaphragm thickness before ablation (mm) 3.3 ± 1.1 3.0 ± 1.2 3.0 ± 0.5 0.4

Diaphragm thickness immediately after ablation (mm) 3.7 ± 1.3 4.1 ± 2.1 3.1 ± 0.5 0.5

Patients with shoulder pain, no. (%) 3 (16.7) 7 (18.9) 0 (0) 0.3

Average pain score 3.0 ± 2.3 2.8 ± 2.0 2.4 ± 1.2 0.7

Initial pain score 3.9 ± 2.7 3.3 ± 3.1 3.1 ± 2.2 0.7

Local tumor progression, no. (%) 1 (5.6) 2 (5.4) 0 (0) 1

Imaging follow-up (mo) 11.8 ± 7.4 10.8 ± 8.3 14.1 ± 8.5 0.2

Note—Except where noted otherwise, data are mean ± SD. Peripheral liver lesions are subdivided according to 
the use of artificial ascites.
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cant. One explanation for the higher local tu-
mor progression rate with peripheral tumors 
may be that these lesions were ablated more 
cautiously because of concern for collater-
al damage to the diaphragm and body wall. 
Indeed, in our study, physicians chose over-
all lower power for peridiaphragmatic tu-
mors compared with central control tumors 
(75.4 vs 79.3 Watts), a difference that does 
not meet statistical significance but suggests 
a trend (p = 0.1). Another explanation for an 
increased rate of local tumor progression in 
peridiaphragmatic locations is the difficulty 
in imaging and positioning antennas in sub-
diaphragmatic tumors at the hepatic dome 
compared with centrally located hepatic le-
sions. This difficulty in imaging dome tu-
mors increases the complexity of both nee-
dle placement and monitoring of the ablation 
zone. Both of these factors could ultimate-
ly increase the incidence of local tumor pro-
gression. Regardless, our overall rate of lo-
cal tumor progression is comparable to [24, 
25] or lower than [26, 27] that of historical 
microwave ablation controls and substantial-
ly lower compared with most large radiofre-
quency series [12, 18, 28, 29].

Because of the known risk to surrounding 
structures of peripheral hepatic ablations, 
hydrodissection has been studied for its ther-
moprotective effect. Both animal and human 
studies have found that the use of peritone-
al fluid decreases both collateral injuries and 
postprocedure pain for radiofrequency abla-
tion of peripheral liver tumors [30, 31]. Addi-
tionally, artificial ascites has been shown to 
improve ultrasound visibility of the targeted 
tumor, particularly at the hepatic dome [32, 
33]. Our data show no significant difference 
in measures of diaphragm injury regard-
less of hydrodissection or fluid placement. 
It is important to note that the protective ef-
fects of fluid found with radiofrequency ab-

lation may not translate to microwave given 
the physical differences in the mechanism of 
tissue heating. Specifically, fluid displace-
ment has been shown to be beneficial in ra-
diofrequency ablation by protecting nontar-
geted tissues from electrical current, which 
is not present in microwave ablations [30, 
34]. However, pain scores and the incidence 
of shoulder pain were higher in the no-fluid 
group, but did not achieve statistical signifi-
cance, likely because of high standard devi-
ations, the subjective nature of pain scores, 
and relatively small sample sizes.

Our study was limited by its retrospective 
nature and small sample size. Additionally, 
we did not account for subjects contribut-
ing more than one ablation. A multivariable 
analysis was not done because of the lack 
of any statistical significance being detect-
ed among the measured parameters and 
the paucity of observed adverse events. An-
other limitation is the relatively short dura-
tion of follow-up, although we think that the 
mean imaging follow-up time in this study 
(≈ 1 year) was sufficient to detect most sig-
nificant diaphragmatic injuries [21, 35, 36]. 
The range of follow-up in this study (1–33 
months) is comparable to that reported in a 
comprehensive analysis of the literature (1–
34 months) [35]. In the interest of complete-
ness, we gathered all reported imaging data 
associated with diaphragmatic injury in pre-
vious studies, including postprocedure dia-
phragm thickness. Any differences between 
peripheral and central hepatic tumors were 
minimal, not statistically significant, and 
of dubious clinical significance. Our other 
measure of diaphragm injury was pain (both 
overall and shoulder pain), which by nature 
is subjective. Furthermore, there is inherent 
variability in the collection of pain data be-
cause of documentation and medication ad-
ministration. The measurement of fluid dis-

placement may have been underestimated in 
this study because it could be measured only 
retrospectively on the immediate postabla-
tion scan. By this time, the infused fluid may 
have diffused away from the diaphragm. De-
spite these limitations, the lack of any ma-
jor complications from treatment of over 50 
peridiaphragmatic tumors suggests that mi-
crowave ablation in this location is safe and 
well tolerated, and the true incidence of seri-
ous complications is likely to be low.

In summary, our study suggests that mi-
crowave ablation of hepatic tumors immedi-
ately adjacent to the diaphragm is safe and 
without significant risk of diaphragm injury, 
regardless of the use of artificial ascites. The 
rate of local tumor progression is minimal-
ly higher (but not statistically significant) in 
hepatic dome tumors, likely because of the 
more difficult approach for needle place-
ment, decreased ability to image the tumor 
and ablation zone with ultrasound and CT, 
and resultant lower treatment power.
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