




of tenderness in the upper left quadrant but showed no 
signs of peritoneal irritation.  Colonoscopy was ruled 
out because of the risk of colonic perforation.  We 
scheduled an emergency surgery (25 h after PCA) 
because of the high mortality risk due to perforation 
given his advanced age.  On laparotomy,  displacement 
of the colon revealed a coin-sized dark-purple area on 
the posteromedial side of the edematous colon (Fig. 
3A).
　 Partial colectomy and end-to-end anastomosis were 
performed.  The mucosal surface of the resected spec-
imen showed deep ulceration (Fig. 3B).  The patient 
recovered soon after the surgery and was discharged 
without any complications.  On microscopic evaluation,  
necrosis and hemorrhage were seen in all layers of the 
colon (Fig. 3C),  which corresponded to the discontin-
uous enhancement in the mucosal and muscle layers.  
The patient did not exhibit any overt symptoms upon 
periodic follow-up,  and a CT scan 3 months after PCA 
demonstrated no local tumor progression.  The patient 
provided written informed consent for publication of 
this case report.  

Discussion

　 Freezing injury to adjacent organs,  such as the 
colon,  duodenum,  or ureter,  can be a serious compli-
cation of PCA in the treatment of a renal tumor.  To 
avoid freezing injury to adjacent organs,  various tech-
niques including a change in patient position,  manual 
displacement,  and hydrodissection have been reported 
[6].

　 Hydrodissection is a widely accepted technique 
associated with PCA treatment [1,2,6].  Although the 
visibility of the iceball is the most evident feature of 
PCA under image guidance,  several factors disturbed 
the visibility of the iceball in the present case,  leading 
to an injury to the large bowel.  First,  the high con-
centration (4 ) of the diluted contrast medium made it 
difficult for us to recognize the iceball margin during 
the procedure.  Campbell et al.  reported that a concen-
tration of 2  iohexol in saline is an optimal concentra-
tion for visibility without artifacts [7].
　 Second,  the injected fluid in the present case con-
tained microbubbles,  which was similar to stool in the 
colon.  Indeed,  the contracted colon with stool and the 
fluid with microbubbles were indistinguishable in sev-
eral sections.  Hence,  care should be taken not to 
inject air during a hydrodissection.  Although magnetic 
resonance imaging (MRI) guidance has several advan-
tages over CT guidance,  including high tissue contrast 
and the feasibility of manual displacement without the 
operator being exposed to radiation,  MRI will typi-
cally demonstrate considerable artifacts resulting from 
air,  motion,  and the metallic cryoprobe.  Unfortunately,  
MRI-guided cryoablation was not practicable in our 
institution.
　 Our patient underwent surgical intervention with-
out bowel perforation.  Most of the previously reported 
cases with bowel injury were managed conservatively 
[2–5].  Emergency surgery should be considered only 
when a bowel injury causes obstruction and perfora-
tion.  However,  in this case,  the surgical findings 
showed necrosis in the colon wall induced by PCA,  
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�'�J�H.  ��　 (A) The posteromedial side of the affected colon showed a focal dark purple area.  (B) The mucosal surface of the resected 
specimen showed focal deep ulceration.  (C) A photomicrograph of the affected colon showing the mucosal necrosis,  submucosal hemor-
rhage,  small vessels with thickened and inflamed walls,  some of which are thrombosed,  and necrotic foci in the muscularis propria.



which would have caused penetration or perforation.  
In addition,  emergency surgery after the development 
of peritonitis can be potentially lethal for patients at 
an advanced age (as in this case) [8].
　 For our patient,  the periprocedural CT images 
(including the iceball location),  dynamic contrast-en-
hanced CT images,  and macroscopic or microscopic 
appearances were well correlated with each other.  All 
procedures were performed within 25 h,  except for the 
microscopic examination.  Regarding the CT image 
evaluation,  the most specific CT finding for the diag-
nosis of intestinal ischemia has been reduced or no 
enhancement of the bowel wall on contrast-enhanced 
CT [9,10].  However,  ischemic bowel injury first 
occurs at the mucosal surface whereas freezing injury 
first occurs on the external colon wall.
　 In addition,  various findings indicative of bowel 
necrosis including peri-bowel stranding and fluid atten-
uation are not useful because cryoablation and hydro-
dissection can cause these findings.  A pathologic 
specimen in a previous report showed only the sub-
acute phase (2 weeks after PCA) of a bowel injury 
[3],  and there have been no reports on the pathologic 
evaluation of acute bowel injury after PCA,  to our 
knowledge.  In the present case,  there was no 
enhancement of both mucosa and muscle layers; in 
addition,  the iceball temperature is suspected to be 
lower at the proper muscle layer than at the mucosa,  
depending on the proximity to the cryoprobe.  Thus,  
colon wall perforation could have occurred,  which was 
evidenced by the presence of multifocal necrotic foci 
throughout the colon wall.
　 Although emergency surgery might be an over-
treatment,  in our present patientʼs case,  the CT find-
ings were well correlated with those of the macro-

scopic and microscopic evaluations.  Our findings will 
be useful for patient management in similar cases.
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