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Abstract
Background: There is growing evidence that intranodal pressure (INP) can predict metastatic sentinel 
lymph nodes (SLNs). The objective of this study was to measure and utilize INP to evaluate the 
metastatic involvement of axillary SLNs in breast cancer patients. Materials and Methods: INP was 
measured in 73 clinically node‑negative (cN0) breast cancer patients who were candidate for SLN 
biopsy. Clinical evaluation of the lymph node, coupled with frozen section analysis of the same 
excised SLN, was conducted. The level of suspicion (LOS) was used to assess the likelihood of 
metastases in the SLNs by the surgeons. Then, the miniature catheter tip pressure transducer 
was used to measure INP in the operation room. Finally, excised SLN was sent for permanent 
pathologic analysis as a gold standard for the evaluation of SLNs metastatic. Results: We identified 
the statistically significant increase in INP in nodes containing tumor metastasis in comparison 
with tumor‑free SLNs (19.17 ± 13.63 vs. 8.82 ± 4.23) (P = 0.003). We considered the cutoff 
value for INP at 16 mmHg, which resulted in sensitivity of 80% and specificity of 87%. When 
the combination of INP above 16 mmHg and the LOS were taken into account for determining 
the likelihood of metastatic involvement of the LNs, the sensitivity and specificity were 87.5% and 
91.7%, respectively. Conclusion: Our data suggest that INP measurement has the potential to help 
surgeons differentiate metastatic and nonmetastatic SLNs in combination with LOS. Meanwhile, it 
can be used along with frozen analysis to decrease false‑negative rate.
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Introduction
Breast cancer is the most common 
malignancy in Iranian women and the 
peak age of this disease is younger than in 
western countries.[1] Due to a high incidence 
rate of breast cancer in Iranian women, it is 
essential to identify effective strategies to 
manage this disease and avoid unnecessary 
surgery procedures such as axillary lymph 
node dissection (ALND). Many efforts have 
been made to predict axillary lymph node 
involvement.

Sentinel lymph node biopsy (SLNB) 
has become the standard of care for 
determining the axillary lymph node status 
in clinically node‑negative breast cancer 
patients.[2‑4] However, after the recent 
unveiling of Z0011 study results, axillary 
dissection for a positive sentinel lymph 
node (SLN) has lost its importance, and it 
seems that the intraoperative interpretation 
of the SLN status is not as necessary as 

before.[5‑9] Conversely, especially in cases 
with unfavorable prognosis or need for 
immediate breast reconstruction with 
the implant, determining axillary lymph 
nodes status intraoperatively is very 
important and it helps the surgeons for best 
decision‑making in treatment. It causes 
avoidance of the second admission for 
ALND that is not only time consuming 
and costly but also unpleasant for some 
patients.

Frozen section (FS) analysis is still the 
most practical method for determining 
the SLN metastasis intraoperatively. 
However, this method has own 
limitations, such as tissue loss, or low 
and different reported sensitivity.[2,4] 
Intraoperative palpation of axillary SLNs, 
sometimes, identifies suspicious nodes. 
SLNs that are enlarged and rubbery hard 
in consistency are considered suspicious 
for being metastatic. In some recent 
studies, researchers have investigated 
other methods, such as measurement 
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Intraoperative sentinel lymph node identification

SLN was detected by intradermal periareolar injection of 
both radiotracer (filtered technetium‑labeled sulfur colloid) 
and patent blue. In measuring the INP in vivo, great care 
was taken to leave the identified SLN intact, including 
perinodal fat.

The level of suspicion (LOS) of a SLN to be metastatic 
was recorded by the surgeon. We used the LOS as a new 
semi‑quantitative assessment of the likelihood of metastases 
in the SLNs that has been introduced by Nathanson 
et al.[11] SLNs were categorized clinically benign (LOS = 0), 
slightly suspicious (LOS = 1), or clinically obviously 
malignant (LOS = 2). LOS was based on four major criteria: 
shape, size, consistency, and presence/absence of matting 
of the nodes. If the node was soft, small, with the length 
greater than width, and was not matted, it was considered as 
LOS = 0. If the SLN was rounder than kidney bean shaped, 
larger than usual, and very firm, it was considered as 
LOS = 2. Any matted nodes were automatically considered 
as LOS = 2. Nodes that were enlarged and firm but not 
matted were considered LOS = 1.

Measuring intranodal pressure in lymph nodes

The miniature catheter tip pressure transducer (Gaeltec 
R probe, Scotland) was used for measuring INP 
intraoperatively [Figure 1]. This transducer device features 
robust metal sensing diaphragm within polished surgical 
steel (AISI type 304) needle (6F: 2 mm). The sensor is 
side mounted and the tip is sharp. The sensor has metal 
diaphragm with directly deposited resistive strain gauge. 
Gaeltec device have been used in a variety of applications, 
both in experimental equipment, and in clinical use for 
physiological measurements such as compartment pressure 
and intradiscal pressure. It was specifically designed and 
modified for measurement of INP. A bevel side needle 
with a 100 cm reinforced flexible silicone rubber cable 
transmits the pressure from lymph node to a digital pressure 
monitoring kit. The range of measurable pressure was 
between 0 and 300 mm Hg. The sensitivity of the equipment 
was 0.01 mm Hg pressure gradient. Prior to measurement, 
the needle was acclimated at room temperature (23°C), 
and zero pressure reading was confirmed. To measure 
the pressures in the nodes, the needle was inserted a few 

of intranodal pressure (INP), to recognize metastatic 
involvement of SLNs.[10‑12] This method was considered 
as an alternative for qualitative assessment (stiff or 
hard) and transforming it into a quantitative method. 
There are some evidences from human studies 
showed breast cancer metastasis in axillary SLNs was 
associated with significantly higher INP compared with 
tumor‑free lymph nodes and elevated INP significantly 
was correlated with SLN tumor metastasis sizes.[10] 
Three mechanisms were suggested for INP elevation 
in metastatic lymph nodes: drainage of new vessels by 
tumor‑derived angiogenic cytokines,[13] interstitial fluid 
pressure following intranodal blood vessels leakage,[14‑16] 
and cytokine‑induced stiffness of the extracellular matrix 
and cytoskeleton.[17,18] Nathanson et al. in 2014, revealed 
that INP may be a valuable test for predicting metastasis 
in SLNs.[11]

This study was conducted to evaluate the predictive value 
of INP combined with the level of clinical suspicion in 
the recognition of SLN metastatic involvement in Iranian 
breast cancer patients using a new and more reliable device 
developed for this purpose.

Materials and Methods
Sampling patients

This study was approved by Institutional Review Board 
of Tehran University of Medical Sciences. After obtaining 
the informed consent from patients, we recruited 
73 patients with clinically negative axillary lymph 
nodes (cN0 BC), who were candidates for SLNB from 
June 2017 to May 2018. Patients who had biopsy‑proven 
positive lymph nodes, as well as patients who had 
received neoadjuvant therapy, were excluded from the 
study. Patients who had hypertension did not enter 
the study, assuming that hypertension could affect the 
INP. The following information of all participants were 
recorded: demographics variables, pathological details of 
the breast cancer (side, histologic subtype, grade, largest 
diameter of the node reported by ultrasound, estrogen 
receptor, progesterone receptor, HER2, and breast tumor 
size) and the result of FS and pathologic evaluation of the 
SLN.

Figure 1: Gaeltec devices transducer
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millimeters into the cortex of the concave surface of the 
SLN, while great care was taken not to damage lymphatic 
vessels of the node. The data were displayed on the screen 
of the monitoring kit. The entire procedure usually took less 
than 5 minutes. Once the INP was measured, the node was 
removed. Frozen‑section analysis was done, and a complete 
or limited ALND was performed if the node was reported 
positive. The remaining of the node was embedded in 
paraffin for further permanent pathologic analysis.

Statistical analysis

Statistical analysis was performed using SPSS 
software (version 20, Chicago, IL, USA). Categorical 
and continuous variables are expressed as count (%), and 
mean ± standard deviation, respectively. The distribution 
of INP was not normal (Kolmogorov–Smirnov test, 
P < 0.05); it was right‑skewed, and the nonparametric 
test was performed for comparison between groups. We 
tested differences in means of INP between groups by 
Mann–Whitney U‑test and Kruskal–Wallis test. Spearman’s 
correlation coefficients were used to evaluate the 
relationship between SLNs size, sonographic tumor size, 
and INP. All tests of statistical significance were two‑sided, 
and P < 0.05 was considered statistically significant.

Results
The final analysis was conducted in 73 patients. 
Tables 1 and 2 show continues and categorical characteristics 
of the study population. In eleven patients, INP measurement 
was made on 2 SLNs. FS was not performed in six 
patients, due to high level of suspicious to be metastatic 
or unavailable FS. Identified SLNs in four cases were not 
metastatic and further suspicious non‑SLNs were identified 
and INP was measured. High INP beside high LOS in these 
LNs was accompanied by a positive FS result for metastasis.

Table 3 shows the comparison of INP between pathologic 
results, LOS, frozen‑section, and subtype of breast 
cancer (hormone receptors and HER2). Our results 
manifested the significant differences between INP by final 
pathologic results, frozen, and LOS (P < 0.001). Patients 
who had HER2‑positive tumors had significantly higher 
INP compared with HER2 negatives. There was not any 
relationship between INP and either clinical SLN size, or 
sonographic tumor size (r = 0.06 and r = 0.04, respectively; 
P > 0.05). There was statistically significant (P = 0.003) 
higher INP in SLNs with tumoral involvement compared 
with non tumoral SLNs (19.17 ± 13.63, range 1.03–
49.80 vs. 8.82 ± 4.23, range 1.47–24.00 mmHg, 
respectively).

The sensitivity, the specificity, the positive predictive value, 
and negative predictive value (NPV) for detecting metastasis 
in axillary lymph nodes are summarized in Table 4. We 
considered the cutoff value for INP at 16 mmHg, which 
resulted in sensitivity of 80% and specificity of 87%. When 
the combination of INP above 16 mmHg and the LOS 

were taken into account for determining the likelihood 
of metastatic involvement of the LNs, the sensitivity and 
specificity were 87.5% and 91.7%, respectively.

Table 1: Continuous clinical and pathological variables
Variables Mean±SD
Age 50.47±12.01
Sonographic size of the tumor (mm) 22.18±11.80
Pathologic size of the tumor (mm) 25.16±14.19
Number of lymph nodes dissected 6.22±5.40
Number of metastatic lymph nodes 1.25±2.34
Size of SLN#1 (cm) 1.60±0.85
Size of SLN#2 (cm) 1.28±0.56
SLN: Sentinel lymph node, SD: Standard deviation

Table 2: Categorical variables: Percentage
Variables Percentage
Side

Right 52.1
Left 47.9

Histology
IDC 47.9
IDC and DCIS 25.4
ILC 15.5
Others 11.3

Grade
1 22.1
2 63.2
3 14.7

ER
Positive 78.3
Negative 21.7

PR
Positive 73.3
Negative 26.7

Her2
Positive 22
Negative 78

LOS
0 61.2
1 25.4
2 13.4

Frozen analysis of SLN
Involved 23.9
Free 76.1

Permanent pathologic analysis of SLN
Involved 26
Free 69.9
Microscopically involved 4.1

INP group (SLN) (mmHg)
<16 76.7
Above 16 23.3

SLN: Sentinel lymph node, INP: Intranodal pressure, IDC: Invasive 
ductal carcinoma, ILC: Invasive lobular carcinoma, DCIS: Ductal 
carcinoma insitu, LOS: Level of suspicion, ER: Estrogen receptor, 
PR: Progesterone receptor
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measuring INP by utilizing precise equipment specifically 
designed for this purpose. We evaluated metastatic 
involvement of SLN in axilla based on the firm consistency 
of metastatic nodes by measuring the INP. This study result 
illustrated that INP was significantly elevated (more than 
twice as high) in SLNs with metastases, compared with 
free SLNs. There were significant differences between INP 
in LOS categories, as well [Table 3].

Our results are consistent with previous studies in human 
and animals that reported the breast cancer metastasis in 
axillary SLNs was associated with significantly higher INP 
than in normal lymph nodes.[10‑12] However, we could not 
find any statistically significant correlation between LNs 
size in clinical and sonographic examinations and INP. 
The animal study by Miura et al. supported our results 
which showed the increasing of INP in lymph node when 
metastasis was detected, while the axillary lymph node 
volume had not increased significantly.[12]

Our results show the statistically significant differences 
in INP in HER2‑positive patients, compared with HER2 
negative. A recent study in 2016 revealed HER2 expression 
is an independent predictor of ALN involvement in breast 
cancer.[18] Therefore, we expect these patients are at 
increased risk of lymph node metastasis and increasing INP.

In practice, FS analysis is the most commonly used 
technique in the evaluation of SLN status intraoperatively. 
However, this method is expensive and requires a 
well‑trained pathologist. Meanwhile, it is associated with 
false‑negative results, tissue loss, and consequently missing 
micrometastatic disease in the process of frozen analysis.[19]

Although INP measurement does not replace the need for 
frozen sectioning of the SLN, it can be used along with 
frozen analysis to decrease false negative rate of recognition 
of metastatic SLNs. The Z0011 study has persuaded many 
surgeons to avoid complete ALND (CALND) when a positive 
SLN is identified in a patient undergoing a lumpectomy.[20] 
Because false‑negative rates of FS in SLNs range from 13% 
to 60%, patients may require a CALND at another time, 
especially when total mastectomy was done before. If there is 
a way to improve the intraoperative diagnosis of metastasis, 
a second operation could be avoided.[21,22] In our study, three 
patients had a high INP with a negative node on FS, which 

Discussion
The results of the present study illustrated the intraoperative 
FS of the SLN(s) was the most accurate method in 
detecting axillary metastasis. Meanwhile, intraoperative 
INP was the second most accurate method, especially when 
it was combined with LOS. Our finding shows the INP was 
more precise than preoperative ultrasonic evaluation of the 
axillary lymph nodes and the surgeon’s level of suspicious 
according to the physical examination and intraoperative 
findings.

INP measurement as a new, simple, and quick test has been 
introduced by Nathanson et al.[10,11] However, the method 
of their measurement was based on a simple device, which 
was connected to the anesthetic computer monitoring 
system. In this study, we improved the method of 

Table 3: Comparison of intranodal pressure in sentinel 
lymph node 1 and sentinel lymph node 2 in different 

categories
INP (mmHg) n Mean INP±SD P
Pathologic results

Not involved 63 8.8±4.2 0.003
Involved 21 19.1±13.6

LOS
0 48 8.2±0.58 <0.001
1 20 14.7±2.03
2 9 24.0±5.0
Missing 7

Frozen results
Negative 59 9.0±0.7 <0.001
Positive 19 17.6±3.1
Missing 6

ER
Positive 54 11.6±8.5 0.71
Negative 14 10.7±6.7
Missing 16

Her2
Positive 51 15.8±9.9 0.01
Negative 16 10.1±7.2
Missing 17

INP: Intranodal pressure, SD: Standard deviation, LOS: Level of 
suspicion, ER: Estrogen receptor

Table 4: Specificity, sensitivity, positive predictive value, and negative predictive value for recognizing axillary lymph 
node metastasis

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Physical exam of the axilla 20.8 73.3 23.8 69.8
Ultrasound 28.6 75.5 31.6 72.2
Level of suspicious 55.6 79.4 26.3 93.1
INP of the SLN 80 87 57.1 95.2
Frozen analysis of the SLN 89.5 96.6 89.5 96.6
INP and LOS combined 87.5 91.7 80 95.7
PPV: Positive predictive value, NPV: Negative predictive value, LN: Lymph node, INP: Intra‑nodal pressure, SLN: Sentinel lymph node, 
LOS: Level of suspicion
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prompted the surgeon to perform a CALND. More than two 
dissected LNs in these patients were metastatic. Although this 
is clearly a rare experience, decreasing false‑negative rate of 
FS of SLNs by our technique might be worth consideration. 
Meanwhile, there were four patients without metastatic 
SLNs, but their adjacent lymph nodes (non‑SLNs) were hard 
and neither “hot” nor “blue.” On observing very high INPs in 
these nodes they were removed and FS revealed metastasis in 
the hard nodes.

Our results manifested if the surgeon LOS is low and 
intranodal pressure is lower than 16 mmHg, the probability 
that SLNs is truly diagnosed negative is 95% and the 
combination of these two tests (INP and LOS) gets a higher 
NPV than LOS or FS alone. It is worth to mention that 
LOS evaluation along with INP measurement is a simple 
technique that can be available, do not require a well‑trained 
pathologist, and are not time and money consuming.

The advantage of this study was improving the method 
of measuring INP by utilizing precise equipment. Our 
limitation was the possibility that the needle passes 
completely through the nodes especially in smaller nodes 
or inserted into the perinodal tissue and it gives a false 
reading, as it was previously described by Nathanson 
et al.[11] In conclusion, our results suggest that INP 
measurement has the potential to aid the differentiation 
of metastatic and nonmetastatic SLNs in combination 
with LOS by a surgeon. However, it is not a powerful 
test for the definite diagnosis and cannot be applied alone 
for all patients due to high false‑negative results. Further 
evaluation with more sample size and measurement of the 
INP by the ultrasound guidance of the tip of the needle 
might provide higher accuracy.

Financial support and sponsorship

This study was supported by a grant (no# 36388) of Vice 
Chancellor Research of Tehran University of Medical 
Sciences.

Conflicts of interest

There are no conflicts of interest.

References
1. Ghoncheh M, Pournamdar Z, Salehiniya H. Incidence and 

Mortality and Epidemiology of Breast Cancer in the World. 
Asian Pac J Cancer Prev 2016;17:43‑6.

2. Murawa D, Hirche C, Dresel S, Hünerbein M. Sentinel lymph 
node biopsy in breast cancer guided by indocyanine green 
fluorescence. Br J Surg 2009;96:1289‑94.

3. Lyman GH, Giuliano AE, Somerfield MR, Benson AB 
3rd, Bodurka DC, Burstein HJ, et al. American society of 
clinical oncology guideline recommendations for sentinel 
lymph node biopsy in early‑stage breast cancer. J Clin Oncol 
2005;23:7703‑20.

4. Amersi F, Hansen NM. The benefits and limitations of sentinel 
lymph node biopsy. Curr Treat Options Oncol 2006;7:141‑51.

5. Humphrey KL, Saksena MA, Freer PE, Smith BL, Rafferty EA. 

To do or not to do: Axillary nodal evaluation after ACOSOG 
Z0011 Trial. Radiographics 2014;34:1807‑16.

6. Morrow M, Jagsi R, McLeod MC, Shumway D, Katz SJ. 
Surgeon attitudes toward the omission of axillary dissection in 
early breast cancer. JAMA Oncol 2018;4:1511‑6.

7. Nowikiewicz T, Zegarski W, Pagacz K, Nowacki M, 
Morawiec‑Sztandera A, Glowacka‑Mrotek I, et al. The 
current application of ACOSOG Z0011 trial results: Is 
further implementation of sentinel lymph node intra‑operative 
histopathological examination mandatory in breast cancer 
patients‑a single‑centre analysis. Neoplasma 2018;65:449‑54.

8. Weiss A, Mittendorf EA, DeSnyder SM, Hwang RF, Bea V, 
Bedrosian I, et al. Expanding Implementation of ACOSOG 
Z0011 in Surgeon Practice. Clin Breast Cancer 2018;18:276‑81.

9. Giuliano AE, Ballman KV, McCall L, Beitsch PD, Brennan MB, 
Kelemen PR, et al. Effect of axillary dissection vs. no axillary 
dissection on 10‑year overall survival among women with 
invasive breast cancer and sentinel node metastasis: The 
ACOSOG Z0011 (alliance) randomized clinical trial. JAMA 
2017;318:918‑26.

10. Nathanson SD, Mahan M. Sentinel lymph node pressure in 
breast cancer. Ann Surg Oncol 2011;18:3791‑6.

11. Nathanson SD, Shah R, Chitale DA, Mahan M. Intraoperative 
clinical assessment and pressure measurements of sentinel lymph 
nodes in breast cancer. Ann Surg Oncol 2014;21:81‑5.

12. Miura Y, Mikada M, Ouchi T, Horie S, Takeda K, Yamaki T, 
et al. Early diagnosis of lymph node metastasis: Importance of 
intranodal pressures. Cancer Sci 2016;107:224‑32.

13. Hirakawa S, Kodama S, Kunstfeld R, Kajiya K, Brown LF, 
Detmar M. VEGF‑A induces tumor and sentinel lymph node 
lymphangiogenesis and promotes lymphatic metastasis. J Exp 
Med 2005;201:1089‑99.

14. Padera TP, Kadambi A, di Tomaso E, Carreira CM, Brown EB, 
Boucher Y, et al. Lymphatic metastasis in the absence of 
functional intratumor lymphatics. Science 2002;296:1883‑6.

15. Dvorak HF. Vascular permeability factor/vascular endothelial 
growth factor: A critical cytokine in tumor angiogenesis and 
a potential target for diagnosis and therapy. J Clin Oncol 
2002;20:4368‑80.

16. Nathanson SD, Nelson L. Interstitial fluid pressure in breast 
cancer, benign breast conditions, and breast parenchyma. Ann 
Surg Oncol 1994;1:333‑8.

17. Coughlin MF, Bielenberg DR, Lenormand G, Marinkovic M, 
Waghorne CG, Zetter BR, et al. Cytoskeletal stiffness, friction, 
and fluidity of cancer cell lines with different metastatic 
potential. Clin Exp Metastasis 2013;30:237‑50.

18. Ahmed AR. HER2 expression is a strong independent predictor 
of nodal metastasis in breast cancer. J Egypt Natl Canc Inst 
2016;28:219‑27.

19. Layfield DM, Agrawal A, Roche H, Cutress RI. Intraoperative 
assessment of sentinel lymph nodes in breast cancer. Br J Surg 
2011;98:4‑17.

20. Giuiliano AE, Hunt KK, Ballman KV, Beitsch P, Whitworth PW, 
Blumenkrantz PW, et al. Axillary dissection versus no 
axillary dissection in women with invasive breast cancer and 
sentinel node metastasis: A randomized clinical trial. JAMA 
2011;305:569‑75.

21. Bear HD. Completion axillary lymph node dissection for breast 
cancer: Immediate versus delayed versus none. J Clin Oncol 
2008;26:3483‑4.

22. Tille JC, Egger JF, Devillaz MC, Vlastos G, Pelte MF. Frozen 
section in axillary sentinel lymph nodes for diagnosis of breast 
cancer micrometastasis. Anticancer Res 2009;29:4711‑6.


