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Abstract
Purpose The aim of this study was to evaluate the intraoperative detection rate of residual liver metastases after chemother-
apy and to assess the correlation between disappeared liver metastases (DLMs) upon preoperative imaging and complete
pathological response.
Methods Between February 2004 and December 2008 clinicopathological data of 292 consecutive patients who underwent
liver resection for colorectal liver metastases were prospectively collected and analyzed in a “per lesion” study. Thirty-three
patients with 67 DLMs were included.
Results During laparotomy, we identified 45 out of 67 DLMs (67%). Six DLMs were detected by macroscopic liver
examination (9%) and 39 (58%) by intraoperative ultrasound (IOUS). Overall, persistent microscopic residual disease
at pathological examination of the resected specimen or recurrence in situ identified during the follow-up were
observed in 41 (61.2%) of 67 LMs that had shown a complete response by imaging. At multivariate analysis
moderate or severe hepatic steatosis (p00.016), subglissonian localization of nodules (p00.019) and residual
microscopic disease (p00.0006) were associated with IOUS detection of residual metastases. Preoperative chemo-
therapy with more than six cycles (p00.022) and intraoperative detection of nodules by IOUS (p00.001) were
independent predictors of residual disease.
Conclusions Systematic US exploration of the liver leads to increase the intraoperative detection rate of DLMs. Furthermore,
the majority of DLMs identified by IOUS presents residual disease at pathological examination and should be treated.
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Introduction

Outcome improvements of patients with colorectal liver
metastases have been attributed not only to advances in
surgical technique but also to the emergence of more effec-
tive chemotherapeutic regimens1,2 and targeted therapies.3,4

Therefore, there is an increasing trend to administer preop-
erative chemotherapy also in patients with resectable colo-
rectal liver metastases5 with a growing number of patients
showing high radiologic response rates and disappearing
liver metastases (DLM).6

However, complete clinical response (CCR) of colorectal
metastases has been shown to be of limited predictive value
for complete pathological response (CPR),7 which is asso-
ciated with considerable overall survival.8–10

Nevertheless, previous studies have reported conflicting
results about the correlation between CCR and CPR. In
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particular, DLM may represent a true complete remission
in17% to 69% of cases.11–15

Currently, the management of DLMs consists of a surgi-
cal exploration aiming to completely resect all sites of
DLMs.16,17 The impossibility to intraoperatively detect re-
sidual disease may lead to leave metastases untreated.

The aim of this study was to evaluate the intraoperative
detection rate of residual liver metastases and to assess the
correlation between DLMs upon preoperative imaging and
complete pathological response.

Patients and Methods

Between February 2004 and December 2008, 292 consecu-
tive patients underwent liver resection for colorectal liver
metastases at our institution and were considered for the
study. Their clinicopathological data were prospectively
collected and retrospectively analyzed in a “per lesion”
study.

Patients were included according the following criteria:
preoperative chemotherapy, fewer than 12 liver metastases
(LM) before chemotherapy, disappearance at least of one
LM on all preoperative imaging, surgery with intraoperative
ultrasound IOUS within 4 weeks from last imaging, at least
1 year follow-up after surgery.

Preoperative Chemotherapy

Preoperative chemotherapy was performed both in patients
with initially unresectable LMs or resectable LMs with poor
prognostic factors. The chemotherapy administered before
LM disappearance included fluorouracil and leucovorin
(FU/LV) or capecitabine associated to oxaliplatin and/or
irinotecan. Targeted therapy with biologic agents was in-
cluded in selected cases.

Preoperative Imaging

All patients were staged before chemotherapy with abdom-
inal ultrasound and abdomen and chest multidetector com-
puted tomography (CT). Following chemotherapy all
patients were evaluated with CT and/or magnetic resonance
imaging (MRI).

Computed tomographic scans were performed with a
multislice helical CT, using a collimation of 3 mm and
reconstruction at 1 and 2.5 mm. Images were acquired with
a triphasic hepatic protocol following a noncontrast evalua-
tion of the liver. Images were obtained 11, 80, and 180 s
after the start of intravenous injection of iopromide (Ultrav-
ist ® 370) at a rate of 3.5 mL/s.

MRI was carried out on a 1.5-T superconducting system
using liver specific contrast agent (gadoxetic agent).

Fluorodeoxyglucose positron emission tomography (FDG-
PET) was additionally performed in selected cases.

Radiologists were aware of DLMs, and pre-chemotherapy
imaging was available for review and comparison.

Last imaging was performed within 4 weeks prior to
surgery.

Surgical Management

Abdominal exploration and intraoperative liver ultrasonog-
raphy (Aloka SSD1200 with 7.5 MHz intraoperative linear
T-probe and Aloka Prosound Alpha 5 with 7.5 MHz intra-
operative mini-convex probe; Aloka Co., Tokyo, Japan)
were always performed as the first step to assess the site
and extent of the disease, together with the relationship of
the tumor with major intrahepatic vessels, and in order to
define the extension of the required resection. In all
patients, the sites of DLM were carefully examined by
IOUS carried out by the surgeon according to a standard-
ized protocol.

Since 2007, constrast-enhanced intraoperative ultrasound
(CEIOUS) was additionally performed in selected cases and
every time the DLMs were not detected by IOUS. CEIOUS
was achieved with a convex 2 to 6 MHz harmonic frequency
transducer. In all patients, 2.4 mL of sulfur hexafluoride
microbubbles (SonoVue, Bracco Imaging, Milan, Italy)
were injected intravenously through a peripheral vein by
the anesthesiologist.

The standard surgical procedure was to completely resect
all DLMs detected intraoperatively. When DLMs were
missed at intraoperative exploration, the initial sites of
DLMs were resected according to the following criteria: site
clearly detectable, easy resection, small parenchymal
sacrifice.

Histopathologic Examination

Specimens were fixed, embedded in paraffin, and stained
with hematoxylin–eosin. Slices of 0.3 cm were carried out
for the microscopic examination of metastatic deposits. The
pathologist was informed about the location of DLMs.

Follow-up

Systemic chemotherapy was continued postoperatively at
discretion of the oncologists. Patients were followed every
3 months after the operation with US or CT scan. In selected
cases additional imaging like MRI and FDG-PET were
required. Follow-up imaging of patients with DLM untreat-
ed at surgery was carefully examined looking for recurrence
in situ and compared with initial CT scan.
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Definitions

Disappearing liver metastasis was defined as a lesion unde-
tectable at any imaging modality following chemotherapy.
The number of DLMs was defined according to the preop-
erative imaging modality that detected the higher number of
lesions.

LMs were categorized as hypoechoic, isoechoic, or
hyperechoic according to the intraoperative ultrasonograph-
ic pattern. When DLMs were not detected intraoperatively
by IOUS, the ultrasonographic pattern of the missed lesions
was defined along with the appearance of other detectect-
able LMs.18

Complete pathological response corresponded to no via-
ble microscopic residual cancer cells at the site of missed
metastases. A durable clinical response was considered in
patients with no recurrences in situ within 12 months. CPR
for DLMs included in the specimen or a durable clinical
response for the DLMs left in situ were both considered as a
complete response (CR).

Sub-glissonian metastasis was defined as lesion within
2 cm from liver surface.

Types of hepatectomies were classified according to the
Brisbane 2000 terminology.19

Steatosis was estimated as the percentage of involved
hepatocytes and categorized as defined by Kleiner et al.20:
no fatty change (<5%), mild (5 to <33%), moderate (33 to
<66%) or severe (≥66%).

Statistical Analysis

Univariate statistical comparisons between groups were per-
formed using the Student's t test for continuous variables
and the chi-square test for discrete variables. A p value of
less than 0.05 was considered significant for all tests. All
significant or borderline significant variables at the univar-
iate analysis were entered into a Cox regression model for
the multivariate analysis.

Results

Preoperative and Operative Data

Among 292 patients who underwent hepatectomy for LMs,
171 (58.5%) received preoperative chemotherapy. Overall,
preoperative imaging showed a total of 624 LMs in
these171 patients.

Thirty-three patients that presented DLMs at preoperative
imaging and met all inclusion criteria were included in this
study. In these 33 patients, 153 LMs were detected before
chemotherapy, with a median number of 4±2.7 LMs
per patient. After chemotherapy, 67 liver metastases disappeared

at preoperative imaging, corresponding to 10.7% of the entire
series (67/624).

Preoperative and operative characteristics are summa-
rized in Table 1. Twenty-eight patients (85%) presented
synchronous LMs. At diagnosis, disease was unresectable
in eight patients (24.2%). Concomitant extrahepatic disease
was present in seven patients (21.2%).

All patients were preoperatively evaluated with a median
of three hepatic imaging techniques (US, CT scan, MRI, and
FDG-PET). All patients were staged with US. CT, MRI, and
FDG-PET were undertaken in 30 (90.9%), 26 (78.8%), and
22 (66.6%) patients, respectively. Only three patients were
staged with MRI and FDG-PET, without a preoperative CT
scan (Table 2).

Sixteen patients were staged preoperatively with all
imaging techniques (US, CT, MRI, and FDG-PET). In these
patients, 79 LMs were detected before chemotherapy and
30 LMs disappeared at all preoperative imaging modalities.
Furthermore, 40 (81.6%) out of the 49 remaining LMs
were detected by CT scan, 49 (100%) by MRI, and only
10 (20.4%) by FDG-PET. Based on these findings, MRI
was significantly more accurate to detect LMs after chemo-
therapy compared to CT scan (p00.0013) and FDG-PET
(p<0.0001).

The median number of preoperative chemotherapy cycles
was 8± 3.5. Post-disappearance chemotherapy was

Table 1 Preoperative and operative characteristics of 33 patients with
67 disappeared colorectal liver metastases after chemotherapy

Characteristics No. (%) or median±SD

Age 62±12.87

Male 25 (75)

BMI 25±4.01

CEA ng/mL

—Pre-chemotherapy 8.3±277.3

—Pre-operative 2.7±166.9

Site of primary tumor

—Colon 21 (64)

—Rectum 12 (36)

Stage of primary tumor

—T1–T2 2 (6)

—T3–T4 31 (94)

Primary lymph-node + 21 (64)

Synchronous metastases 28 (85)

Unresectable disease at presentation 8 (24)

Extrahepatic disease 7 (21)

Types of resection

—Segmentectomy and/or wedge 20 (61)

—Bisegmentectomy±wedge 3 (9)

Major hepatectomy±wedge 10 (30)

BMI body mass index, CEA carcinoembryonic antigen
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administered in nine patients with 6±4.5 median number of
cycles. Eleven patients (33%) received biologic agents (bev-
acizumab or cetuximab) as part of their chemotherapy reg-
imen before LM disappearance. Adjuvant chemotherapy
was continued in 20 patients (60%).

After chemotherapy, the median number of DLMs per
patient was 1±1.5 with a median pre-treatment size of
10.5±4.8 mm. Two patients among 33 showed complete
disappearance of all liver lesions upon imaging. The median
size of DLMs detected intraoperatively was 6±3.8 mm; the
localization were sub-glissonian (within 2 cm) in 40 (60%)
and deep in 27 (40%). At IOUS 36 DLMs were hypoechoic,
20 isoechoic, and 11 hyperechoic. Steatosis moderate or
severe was assessed in nine patients (16 LMs). Among these
patients DLMs were hypoechoic in 87% of cases (14/16
DLMs).

Intraoperative Detection of Residual Disease

During laparotomy, we identified 45 out of 67 DLMs (67%).
Six DLMs were detected by macroscopic liver examination
(9%) and 39 by IOUS (58%). Ultrasonographic appearance
of DLMs detected by IOUS was hypoechoic in 49%, iso-
echoic in 26%, and hyperechoic in 26% of cases. We per-
formed CEIOUS in 11 patients and we did not detect any
new lesion. As such, we confirmed that only 22 LMs (33%)
had disappeared from the site of metastasis, as indicated by
preoperative imaging. The median size of the 45 residual
LMs seen at surgery was 6 mm (range, 1 to 15 mm). The
size of residual lesions was less than 10 mm in 30 cases and
less than 5 mm in nine cases.

Predictors of intraoperative detection of residual disease by
IOUS at univariate and multivariate analysis are reported in
Table 3. At multivariate analysis, moderate or severe hepatic
steatosis (p00.016), subglissonian localization of nodules
(p00.019), and a residual microscopic disease (p00.0006)

were independently associated with intraoperative detection
of residual metastases by IOUS (Fig. 1).

Analysis of Complete Pathological Response

Pathological examination of 45 residual LMs included in the
surgical resection specimen demonstrated viable carcinoma
in 33 cases (73%) and CPR in 12 cases (27%).

Liver resection including the sites of LMs that disap-
peared was performed for 12 of 22 DLMs. Microscopic
examination of the sites of LMs showing complete response
on preoperative imaging and not visible disease at surgery
showed presence of viable tumor cells in 2 of the 12 resec-
tion sites of initial metastases (16%). The remnant ten
DLMs that were not resected were followed with serial
imaging and four proved to be durable clinical complete
response. Six DLMs recurred within 12 months and two
were resected.

Results of univariate and multivariate analysis of factors
predictive of complete response are reported in Table 4. Pre-
operative chemotherapy with more than 6 cycles (p00.022)
and intraoperative detection of nodules by IOUS (p00.001)
are independent predictors of residual disease.

The type of preoperative chemotherapy was not correlated
to the presence of complete response.

In summary, persistent microscopic residual disease or
recurrence in situ were observed in 41 (61.2%) of 67 LMs
that had shown a complete response by imaging. Complete
pathological response or a durable clinical complete re-
sponse was noted in 26/67 cases (38.8%) (Fig. 2).

Discussion

Recent progresses in systemic and even more intra-arterial
chemotherapy for colorectal LMs may result in the disap-
pearance of some LM on liver imaging11–15; rates of DLMs
range from 9% to 24% of patients.11–15 Despite recent
improvements in imaging technique, correlation between
CCR and CPR is still debated. As such, surgical exploration
in patients with DLMs aims to find all LMs present at
diagnosis in order to perform a radical resection. Few papers
reporting data on intraoperative detection of DLMs have
been published.11–15 The intraoperative detection rate of
DLMs is extremely variable in the published series. Benoist
et al.11 reported 30% detection rate of DLMs at surgical
exploration and similar results were showed by Tanaka et
al.13 By contrast, Van Vledder et al.15 recently assessed an
overall 55% of intraoperative detection rate of DLMs, but
data about IOUS findings are missing. Surprisingly, a recent
analysis by Auer et al.14 reported 11% of DLM found at
surgical exploration and only 0.9% detected by IOUS. This
reported low IOUS detection rate can be explained by the

Table 2 Preoperative staging details

No. (%) or median±SD

Number of preoperative imaging 3±0.69

Days between imaging and surgical resection 19±7.7

US 33 (100)

CTa 30 (91)

MRI 26 (79)

FDG-PET 22 (67)

US Ultrasonography, CT computed tomography, MRI magnetic reso-
nance imaging, FDG-PET fluorodeoxyglucose positron emission
tomography
a CT scan was not performed in three patients who were staged with
MRI and FDG-PET
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surgeon's operative policy. In fact, most of patients under-
went major or extended hepatic resections, probably leading
to perform a less careful ultrasonographic exploration of the
liver to be resected. In our series, the rate of intraoperative
detection of DLMs was 67% at surgical exploration and
after IOUS; this percentage was higher than those reported
in literature. These conflicting results can be only partially
explained by differences in imaging modalities, chemother-
apy regimens, timing and type of surgery. We report the
results of a short series, carried out in the recent years.
Chemotherapy regimens included targeted therapy in select-
ed cases. Patients were carefully studied in the preoperative

workup and additional imaging like MRI and FDG-PETwas
undertaken in 87% of patients. Moreover, last imaging was
always undertaken within 4 weeks before operation. Fur-
thermore, in all patients, IOUS was systematically per-
formed at the beginning of operation by an expert surgeon,
using excellent ultrasound technologies and devices and
steadily comparing the intraoperative findings with those
of preoperative imaging modalities. Parenchymal sparing
resections were aimed in all patients when possible, leading
to a major hepatectomy rate of 30%.

To our knowledge, this is the first study that analyzed the
predictive factors of intraoperative detection of DLMs.

Table 3 Univariate and multivariate analysis of factors predictive of intraoperative detection of DLMs by IOUS

Univariate analysis P Multivariate analysis p

Detected Not detected
39 (58%) 28 (42%) OR (CI 95%)
No. (%) or median±SD

Age 58±12.9 68.5±9.9 0.032 n.s.

Sex, male 34 (87) 19 (68) 0.055 n.s.

BMI≥30 11 (28) 2 (7) 0.029 n.s.

CEA normalized 27 (69) 22 (78) 0.394

Number of preoperative imaging 3±0.64 2±0.64 0.141

Days between imaging and surgical resection 18±9.3 19±8.7 0.550

Preoperative MRI 34 (87) 23 (82) 0.568

Right liver 24 (62) 15 (53) 0.514

Left liver 15 (38) 13 (47) 0.514

Pre-chemotherapy size (mm) 10±5.35 11±6.68 0.992

Pre-chemotherapy size<5 mm 3 (8) 3 (11) 0.494

Sub-glissonian (<2 cm) 28 (72) 12 (43) 0.017 4.627 (1.284–16.678) 0.019

Chemotherapy regimen data

Oxaliplatin 31 (79) 19 (68) 0.280

Irinotecan 10 (25) 9 (32) 0.560

Oxaliplatin and/or irinotecan plus biologicsa 16 (41) 11 (39) 0.886

Number of cycles 8±2.69 6±3.26 0.161

Number of cycles>6 28 (72) 13 (46) 0.036 n.s.

IOUS data

Hyperechoic liver 26 (67) 17 (61) 0.616

LM ultrasonographic patternb n.s.

—Hypoechoic 19 (48) 17 (60) 0.334

—Isoechoic 10 (26) 10 (36) 0.371

—Hyperechoic 10 (26) 1 (4) 0.010

CPR 8 (20) 18 (64) <0.001 0.099 (0.026–0.373) 0.0006

Steatosis grade>2c 14 (36) 2 (7) <0.01 9.958 (1.537–64.530) 0.016

BMI body mass index, CEA carcinoembryonic antigen, LM liver metastasis, CPR complete pathological response, MRI magnetic resonance
imaging, IOUS intraoperative ultrasonography
a Bevacizumab or cetuximab
bWhen DLMs were not detected intraoperatively by IOUS, the ultrasonographic pattern of the missed lesions was defined along with appearance of
other detectable LMs
cModerate or severe
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Factors like site of LMs and high grade of hepatic steatosis
were useful in determining the probability to detect DLMs
by IOUS.

The detection of liver metastases is more difficult fol-
lowing chemotherapy because of pathological changes in
liver parenchyma and modification in size and appearance
of LMs.21,22 In particular, preoperative imaging modali-
ties significantly miss lesions small in size, adjacent to the

falciform ligament or localized on the surface of the
liver.23 Better evaluation of sub-glissonian LMs intraoper-
atively may be explained by technical aspects. IOUS is
performed at the beginning of the operation and it is
usually repeated after the liver mobilization improving
the assessment of LMs case by case. Above all, the
superficial liver surface could be examined by placing
the probe posteriorly, increasing the depth of ultrasound

Fig. 1 a CT scan from a 64-year-old male with colorectal liver me-
tastases. Smaller metastasis is arrowed. b MRI after 12 cycles of
chemotherapy with 5-fluorouracil, oxaliplatin, and bevacizumab

showing a remarkable decrease of the largest metastasis and the disap-
pearance of the smaller metastasis (white arrow). c Intraoperative
detection of the DLM by IOUS (white arrow)

Table 4 Univariate and multi-
variate analysis of factors pre-
dictive of complete response
(complete pathological response
or durable clinical response)

CR complete response, RD re-
sidual disease, BMI body mass
index, MRI magnetic resonance
imaging, DLM disappearing liv-
er metastasis, IOUS intraopera-
tive ultrasound
aBevacizumab or cetuximab
bWhen DLMs were not detected
intraoperatively by IOUS, the ul-
trasonographic pattern of the
missed lesions was defined
along with appearance of other
detectable LMs

Univariate analysis p Multivariate analysis P

CR RD
26 (39%) 41 (61%) OR (CI95%)
No. (%) or median±SD

Age (years, median) 64±16.2 61.5±10.58 0.884

Sex, male 18 (69) 34 (83) 0.190

BMI≥30 5 (19) 8 (19) 0.977

Number of preoperative imaging 2±0.73 2±0.59 0.416

Preoperative MRI 20 (77) 37 (90) 0.128

Pre-chemotherapy diameter <5 mm 4 (20) 2 (5) 0.283

Number of DLM 2±1.7 1±1.3 0.583

Normalized CEA 13 (50) 23 (56) 0.236

Chemotherapy regimen data

Number of cycles (median) 7±4.92 6±2.36 0.250

>6 cycles 10 (38) 31 (76) 0.002 0.231 (0.066–0.806) 0.022

Irinotecan 10 (38) 9 (22) 0.144

Oxaliplatin 16 (61) 34 (83) 0.049 n.s.

Oxaliplatin and/or irinotecan plus biologicsa 12 (46) 15 (36) 0.436

IOUS data

IOUS detection 8 (30) 31 (76) <0.01 0.066 (0.013–0.338) 0.001

LM ultrasonographic patternb

—Hypoechoic 16 (65) 18 (46) 0.159

—Isoechoic 8 (27) 14 (32) 0.774

—Hyperechoic 2 (8) 9 (22) 0.113
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beam penetration and performing a complete assessment
using overlapping fields.24

Several studies have shown an increased incidence of
hepatic steatosis in patients undergoing chemotherapy for
colorectal liver metastases as a manifestation of drug
hepatotoxicity.25–27 Although the technological progress in
imaging equipment, accuracy of preoperative imaging tech-
niques is reduced by steatosis, resulting in a low signal
attenuation of liver parenchyma.

On CT scan the liver appears less dense and the signal
intensity of the LMs becomes isodense thus difficult
to delineate and detect.28 Furthermore, even the accuracy
of FDG-PET is markedly lowered by systemic chemothera-
py because of metabolic inhibition by chemotherapeutic
drugs.29–31 Several studies reported that MRI with
liver-specific contrast agents allows better detection and
accurate differentiation of metastases even in fatty liver
infiltration.32,33 These findings can be explained by the
increased tissue contrast and the higher spatial resolution
now available with the new generation of 3T MRI
scanners.34 Nevertheless, IOUS provides more useful addi-
tional informations on hepatic lesions in postchemotherapy
“bright liver”, despite the improvements in preoperative
MRI.35 Therefore, Van Vledder et al.36 recently assessed
that hepatic steatosis significantly decreases echogenity of
colorectal LMs making easier their intraoperative detection.
Accordingly, in our series, we found that LMs were hypo-
echoic in 87% of patients with moderate or severe steatosis.
Overall, these data suggest that IOUS could improve intra-
operative staging in patients with fatty liver despite an
overall poor image quality.

In the present series, the ability of IOUS to find DLMs
was not improved by using CEIOUS. These findings are in

contrast with previous studies37,38 that suggest CEIOUS
may significantly impact on surgical staging and manage-
ment of patients with colorectal LMs. Nevertheless, these
studies were based on preliminary experiences in a small
number of patients and with different criteria in patients'
selection and data analysis. Recently, Torzilli et al.39

reported that the intraoperative detection rate of new nod-
ules by CEIOUS in patients with colorectal metastases de-
creased in the last years from 21% to 9%.

After intensive preoperative chemotherapy, liver usually
becomes hyperechoic, increasing the contrast between the
healthy parenchyma and the metastasis. The natural increase
of liver contrast after chemotherapy can probably explain
the poor results of CEIOUS in our series. We believe that the
use of dedicated intraoperative transducers, which have
been recently released, and future availability of new liver
specific contrast agents will improve the accuracy of
CEIOUS.

In the present series, results on predictive factors of
intraoperative IOUS detection of DLMs showed that a
CPR strongly correlated with missing DLMs at IOUS ex-
ploration. Unfortunately, this finding is not useful as a
predictor because requires the pathological examination.
On the other hand, our results demonstrate that DLMs
missed by IOUS are more likely to present a complete
response at histopathology.

Complete pathological disappearance of all liver metas-
tases after chemotherapy is associated with considerable
overall survival and is a strong predictor of both prolonged
survival and disease cure.7

However, CCR has been shown to be of limited predic-
tive value for CPR7; disagreeing results have been published
in different series with a correlation between DLMs and CR

Fig. 2 Study results flow chart.
Disappearing liver metastasis
(DLM); intraoperative
ultrasonography (IOUS); liver
metastasis (LM); residual
disease (RD); complete
response (CR)
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ranging from 17% to 69%.11–15 According to a recent series
by Van Vledder et al.,15 we observed that only 26 out of 67
DLMs (38.8%) presented a true complete response.

Nowadays, there is no imaging modality reliable to diag-
nose a CPR6,7,16,17,29–33 upsetting surgical management of
DLMs. As such, it could be important to know the factors
that may predict a CPR or the presence of residual disease of
DLMs detected intraoperatively. We assessed that extended
chemotherapy and IOUS findings are independent predic-
tors of residual disease.

Chemotherapy longer than six cycles was independently
associated with microscopic residual disease at pathology
examination. This may suggest that long-course chemother-
apy included patients with more aggressive metastases. In
the study of Blazer et al.,9 response to preoperative systemic
therapy was the only independent predictor of survival after
hepatic resection, along with margin status. Of note, al-
though further investigations are needed, the data thus far
indicate that the extent of tumor regression is independent to
the duration of chemotherapy. As we previously reported,40

extended chemotherapy for colorectal metastases does not
improve pathological response increasing the risk of hepa-
totoxicity. Therefore, a short course of preoperative chemo-
therapy might retain all the “survival” advantages while
reducing the possible detrimental effects.

According to current management of patients with
DLMs,16,17 surgical exploration should be undertaken
evaluating all sites of previous disease. As previously
reported,11–15 resection of all initial sites of DLMs should
be performed when feasible. However, the exact site
could not be localized accurately and the resection could
not be safe or possible in all cases. In our series, IOUS
detection of DLMs is an independent predictor of residual
disease. As such, hepatic resection is mandatory when
IOUS detects DLMs even when major or extended resec-
tion is required. Conversely, if DLMs are missed by
IOUS, the initial site should be resected only when the
required hepatectomy is easy and feasible in a parenchy-
mal sparing strategy. According to previous studies, our
findings confirm the importance of intraoperative detec-
tion of all macroscopic disease. Therefore, a careful and
systematic IOUS exploration improves the yield of intra-
operative assessment of DLMs.

The limits of the study are related to the retrospective
design of the analysis. In particular, although the data were
collected prospectively, patients did not undergo the same
preoperative imaging modalities and chemotherapy regi-
mens were not standardized.

In conclusion, systematic US exploration of the liver
leads to increase the intraoperative detection rate of DLMs.
Furthermore, the majority of DLMs identified by IOUS
presents residual disease at pathological examination and
should be treated.
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