
Original Article

The effect of anaesthetic technique during primary breast cancer
surgery on neutrophil–lymphocyte ratio, platelet–lymphocyte ratio
and return to intended oncological therapy*
A. N!ı Eochag!ain,1 D. Burns,1 B. Riedel,2 D. I. Sessler3 and D. J. Buggy4

1 Specialist Trainee, School of Medicine, Department of Anaesthesia, Mater University Hospital, University College
Dublin, Dublin, Ireland
2 Head of Department, Department of Cancer Anaesthesia and Pain Medicine, Peter MacCallum Cancer Centre and
University of Melbourne, Melbourne, Australia
3 Professor and Chair of Department of Outcomes Research, Anesthesiology Institute, Cleveland Clinic, OH, USA
4 Professor of Anaesthesia, Mater University Hospital, School of Medicine, University College Dublin, Ireland, and
Outcomes Research, Consortium, Cleveland, OH, USA

Summary
Inflammation and immunosuppression contribute to the pathogenesis of cancer. An increased neutrophil–lymphocyte
ratio reflects these processes and is associated with adverse cancer outcomes. Whether anaesthetic technique for
breast cancer surgery influences these factors, and potentially cancer recurrence, remains unknown. We conducted a
secondary analysis in patients enrolled in an ongoing trial of anaesthetic technique on breast cancer recurrence. The
primary hypothesis was that postoperative neutrophil–lymphocyte ratio is lower in patients allocated to receive
propofol-paravertebral rather than inhalational agent-opioid anaesthesia for primary breast cancer surgery. Among
397 patients, 116 had differential white cell counts performed pre-operatively and postoperatively. Pre-operative
neutrophil–lymphocyte ratio was similar in the propofol-paravertebral 2.3 (95%CI 1.8–2.8) and inhalational agent-
opioid anaesthesia 2.2 (1.9–3.2) groups, p = 0.72. Postoperative neutrophil–lymphocyte ratio was lower (3.0 (2.4–4.2)
vs. 4.0 (2.9–5.4), p = 0.001) in the propofol-paravertebral group. Propofol-paravertebral anaesthesia attenuated the
postoperative increase in the neutrophil–lymphocyte ratio.
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Introduction
Breast cancer is the most common cancer and lead-
ing cause of cancer deaths among women worldwide
[1]. Mortality is usually the result of recurrence or
metastasis, despite surgical excision of the primary

tumour. The peri-operative period may be a decisive
window in which competing factors promote or
impede metastases developing from residual cancer
cells, or for distant micrometastatic disease to escape
dormancy [2].

© 2018 The Association of Anaesthetists of Great Britain and Ireland 603

Anaesthesia 2018, 73, 603–611 doi:10.1111/anae.14207



A retrospective analysis of patients with breast
cancer more than a decade ago reported an association
between use of regional anaesthesia-analgesia and
reduced recurrence [3].

Since then, the effects of anaesthetic and analgesic
techniques on cancer cell signalling and inflammatory
response have been studied both in vitro and in retro-
spective clinical studies with divergent results [4–10].
Previous retrospective analyses have demonstrated an
association between the type of anaesthetic used and
survival, with inhalational agent-opioid anaesthesia
being associated with a hazard ratio of 1.59 (95%CI
1.30–1.95) for death on univariate analysis when com-
pared with total intravenous anaesthesia (TIVA). This
analysis, alongside biological plausibility, has led to
further prospective work exploring the effect of anaes-
thetic technique on survival [11]. Although controver-
sial, mounting retrospective and preclinical data have
implicated inhalational anaesthesia and opioid analge-
sia as independent risk factors for disease recurrence
and, conversely, local-regional anaesthesia and propofol-
based TIVA as having potential ‘chemopreventative’
effects [12, 13].

Increased neutrophil–lymphocyte ratio (NLR)
[14–17] and platelet–lymphocyte ratio (PLR) [18, 19]
are recognised inflammatory markers for poor prog-
nosis in solid tumours [20] and reduced time to
recurrence in breast cancer [21, 22]. The peri-opera-
tive inflammatory process may potentially be influ-
enced by choice of anaesthetic technique, with
propofol reported to have anti-inflammatory proper-
ties specifically targeting neutrophil activity [23–26].
The time to return to intended oncologic therapy is
an additional metric of peri-operative recovery, since
timely resumption of intended postoperative (adju-
vant) chemoradiotherapy likely improves outcomes
[27, 28].

We, therefore, tested the hypothesis that NLR
would be lower in patients randomly allocated to a
propofol-paravertebral anaesthetic technique for
primary breast cancer surgery than those given inhala-
tional agent-opioid anaesthesia. Our secondary
hypotheses were that postoperative PLR and return to
intended oncologic therapy would be lower in patients
assigned to propofol-paravertebral anaesthesia.

Methods
The hypothesis that paravertebral analgesia during pri-
mary breast cancer surgery reduces breast cancer recur-
rence is being tested in an ongoing clinical trial
(NCT00418457, www.clinicaltrials.gov). Participants are
being randomised to receive either propofol anaesthesia
and paravertebral analgesia or sevoflurane anaesthesia
and opioid analgesia. However, oncologic outcomes will
not be available for several years [29].

The results presented here are based on an un-
planned subanalysis of patients who have already been
randomly allocated into NCT00418457 at the Mater
University Hospital. This subanalysis was conducted
with Institutional Review Board approval, with no
requirement for consent other than that obtained for the
underlying trial. Participants were women who had
potentially curative excisional surgery for primary breast
cancer. They were randomly allocated to receive either a
propofol-paravertebral anaesthetic with propofol-based
TIVA and paravertebral block or an inhalational agent-
opioid anaesthetic with sevoflurane and morphine. The
full protocol has been published [29].

In the propofol-paravertebral group, paravertebral
anaesthesia was administered either via a thoracic
catheter placed between the T2 and T4 interspaces or
via multilevel single injections between the T1 and T5
interspaces [30]. Patients receiving regional anaesthesia
were first administered a test dose of lidocaine 1.5%
and 1:200,000 adrenaline; this was followed up with a
10–20-ml bolus of bupivacaine 0.5% or ropivacaine
0.5% with adrenaline. Towards the end of surgery,
these patients were commenced on an infusion of 6–
10 ml.h!1 of either solution. The attending anaesthetist
then titrated the infusion rate as deemed clinically
appropriate. Infusion of local anaesthetic continued as
appropriate up to 48 h postoperatively. Where the multi-
level technique was used, ropivacaine 0.75%, 5 ml, was
administered at each of the five levels.

Patients in the paravertebral group received sup-
plementary anaesthesia with propofol (infused at a rate
of 60–90 lg.kg.min!1). This dose was adjustable at the
discretion of the attending anaesthetist depending on
the extent of surgery, patient co-operation and suffi-
ciency of the block. This is the strategy used in many
previous studies of paravertebral analgesia for breast
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surgery [31]. In the postoperative period, analgesia was
provided primarily by the regional block and was
supplemented with paracetamol and/or non-steroidal
anti-inflammatory (NSAID) drugs as appropriate. Mor-
phine or a similar long-acting opioid was administered
if pain relief proved inadequate. At about 24 h post-
surgery, patients progressed to paracetamol and/or
NSAIDs.

In the inhalational agent-opioid anaesthesia group,
general anaesthesia was induced using 1–3 lg.kg!1 fen-
tanyl and 2–4 mg.kg!1 propofol and maintained using
sevoflurane. The anaesthetist had discretion to adminis-
ter sevoflurane and fentanyl in order to sustain heart
rate and blood pressure within 20% of pre-operative
values. Morphine was administered intravenously at a
dose of 0.1 mg.kg!1 towards the end of surgery. Intra-
venous morphine or a similar long-acting opioid was
used postoperatively as needed via nurse-controlled or
patient-controlled analgesia. Approximately 24 h post-
operatively, patients were transferred to paracetamol
and NSAIDs. Nitrous oxide was not used in either
group.

Inclusion criteria for the underlying study included
primary breast cancer without known extension
beyond the breast and axillary nodes. Patients must
have been scheduled for unilateral or bilateral mastec-
tomy or isolated ‘lumpectomy’ with axillary node
clearance [29]. Exclusion criteria included: previous
surgery for breast cancer (except diagnostic biopsies);
and any contra-indication to receiving paravertebral
anaesthesia or to any of the pharmaceutical agents
used. Furthermore, patients were not studied if
< 18 years or > 85 years of age or if other systemic
disease co-existed which was believed to present a
greater than 25% 2-year mortality [29]. Data extracted
from patient records included pre-operative and post-
operative NLR, PLR and return to intended oncologi-
cal therapy. Both NLR and PLR were obtained from
blood sampled between the first and third postopera-
tive days. Pre-operative NLR > 3.3 is associated with
adverse outcomes in patietns with breast tumours [22],
and elevated PLR has also been associated with adverse
outcomes [18, 19].

Return to intended oncologic therapy was defined
as the time between surgery and starting or resum-
ing non-surgical oncology therapy (e.g. chemotherapy,

radiotherapy or endocrine treatments). These data were
obtained from perusing patients’ medical records from
the date of starting one of these treatments, and calcu-
lating the number of days after surgical tumour
excision. Delaying oncologic treatments beyond 30–
60 days is associated with worse outcomes in breast
cancer [32].

Baseline characteristics, duration of inpatient stay,
Charlson comorbidity index [33] and concurrent use of
medications were also collected. Oncological data
including type, grade and clinical stage of cancer were
collected along with the pathological oestrogen receptor
(ER), progesterone receptor (PR) and human epidermal
growth factor receptor-2 (HER2) status. Finally, data on
major postoperative morbidity such as myocardial
infarction, major adverse cardiac event, stroke, pneu-
monia, venous thrombo-embolism and delirium were
also collected.

Existing data indicate that NLR > 3.0 in the post-
operative period is associated with increased risk of
recurrence in breast cancer. Taking a reduction from a
median postoperative value of 3.5 in patients receiving
inhalational agent-opioid to 3.0 in the propofol-
paravertebral group as being, at least theoretically, sig-
nificant, and noting that the median standard deviation
in postoperative NLR data is in the order of 1.1, then
55 patients would be required in each arm of the study,
assuming type-1 error = 0.05 and type-2 error = 0.1.
Data were recorded on Graph Pad Prism v.6 (GraphPad
Prism, GraphPad Software, Inc. La Jolla, CA, USA) [34]
and were initially tested for normal distribution using
Kolmogorov–Smirnov tests. Normally distributed data
were compared using unpaired Student t-tests. Non-
continuous results were compared with the Mann–
Whitney U-test, and within-group data compared with
the Wilcoxon rank sum test.

Results
A total of 397 participants were enrolled in NCT
00418457 up to 31 October 2016 at the Mater University
Hospital. Among these, 10 participants withdrew from
the study, four had incomplete records and 267 lacked
both a pre-operative and a postoperative full blood
count within three days of their primary surgery. There-
fore, the charts of 116 participants were included in this
retrospective analysis, with 59 randomly allocated to
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propofol-paravertebral anaesthesia and 57 to inhala-
tional agent-opioid anaesthesia (Fig. 1).

Baseline and morphometric characteristics were
similar in the two groups and there were no statistically
significant differences between them in terms of onco-
logical characteristics, including the fraction of patients
with positive oestrogen, progesterone and HER recep-
tors. There were no significant differences in the

fraction of patients with positive sentinel lymph nodes
or lymphovascular space invasion at the time of surgery
(Table 1). The median IQR [range] time after surgery
at which postoperative white cell count was obtained
was 21 (19–24 [17–46]) hours. Pre-operative haemato-
logy results were similar in each group (Table 2). Neu-
trophil-lymphocyte ratio increased significantly in both
groups, but more so in patients who received inhala-
tional agent-opioid anaesthesia. Postoperative NLR was
3.0 (2.4–4.2 [1.3–16.3]) in the propofol-paravertebral
group vs. 4.0 (2.9–5.4 [1.2–10.6]) in the inhalational
agent-opioid anaesthesia group.

The pre-operative to postoperative changes in NLR
for each patient are illustrated for the propofol-paraver-
tebral group (Fig. 2a) and the inhalational agent-opioid
group (Fig. 2b). Although the mean changes are shown
in Table 3, these graphs show that, in both groups,
some patients’ NLR decreased postoperatively rather
than increased. There were no significant changes in
the PLR in either group Fig. 3.

Time to return to intended oncologic therapy
was 24 weeks in the propofol-paravertebral group vs.
26 weeks in the inhalational agent-opioid anaesthesia
group which was not statistically significant (Fig. 4).

Pa!ents enrolled
n = 397

Pa!ents involved
n = 387

Pa!ents 
withdrew 
n = 10

Anaesthesia 
record missing
n = 4

Pa!ents involved
n = 383 No pre and 

post op FBC 
available 
n = 267

Pa!ents involved
n = 116

Vola!le group
n = 57 

Propofol group
n = 59

Figure 1 CONSORT flow diagram.

Table 1 Baseline and oncological characteristics of patients receiving propofol-paravertebral anaesthesia vs. patients
receiving inhalational-opioid anaesthesia. Values are mean (SD), median (IQR [range]) or number (proportion).

Parameter

Propofol-paravertebral
anaesthetic
n = 59

Inhalational-opioid
anaesthetic
n = 57

Age; years 58 (10) 57 (9)
Charlson comorbidity index 3 (3–5 [2–8]) 3 (3–5 [2–8])
BMI; kg"m!2 28 (8) 28 (7)
Infiltrating ductal carcinoma 40 (67%) 42 (73%)
Infiltrating lobular carcinoma 14 (23%) 7 (12%)
Invasive tubular carcinoma 2 (3%) 3 (5%)
Infiltrating multifocal mixed ductal and lobular carcinoma 4 (7%) 6 (10%)
Grade 1 16 (27%) 8 (13%)
Grade 2 24 (41%) 25 (45%)
Grade 3 19 (32%) 24 (42%)
Wide local excision/mastectomy 46/13 43/14
Oestrogen receptor positive (ER+) 57 (96%) 49 (87%)
Progesterone receptor positive (PR+) 49 (84%) 42 (74%)
HER2 positive (HER2+) 9 (15%) 10 (19%)
Sentinel lymph node positive 27 (44%) 25 (42%)
Lymphovascular space invasion 8 (12%) 11 (18%)
Postoperative day of full blood count Day 0: 1/59 (2%)

Day 1: 49/59 (83%)
Day 2: 7/59 (12%)
Day 3: 1/59 (2%)

N/A 3/57 (5%)
Day 1: 49/57 (86%)
Day 2: 4/57 (7%)
Day 3: 1/57 (2%)

HER2, human epidermal growth factor receptor-2.
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However, data on this parameter were difficult to obtain
as the patients were part of a geographically diverse
group and did not receive follow-up oncological therapy
in a single centre. Forty-five out of 59 (76%) patients in
the propofol-paravertebral anaesthesia group and 38 out
of 57 patients (66%) in the inhalational agent-opioid
anaesthesia group had records available regarding time
to return to intended oncologic therapy (Table 4).

Discussion
In this subanalysis of an ongoing randomised trial, we
found that propofol-paravertebral anaesthesia for pri-
mary breast cancer surgery attenuated the postopera-
tive increase in NLR that was observed in patients
who received inhalational agent-opioid anaesthetic.
However, the increase, which was statistically signifi-
cant, was relatively small and probably not prognosti-
cally important.

There is a well-identified association between
increased systemic inflammation and cancer occurrence

[35]. Furthermore, there is an association between cell-
mediated immunity as an endogenous anticancer
response which includes T-helper cells (Th1), cytotoxic
CD8 T cells and natural killer (NK) cells [36]. Increased
inflammation, as represented by neutrophilia, and
reduced cell-mediated immunity, as represented by
lymphopenia, both contribute to an increase in NLR.
Peri-operatively, due to surgical stress, both inflamma-
tion and immune system suppression occur which con-
tribute to a raised NLR [37]. Inhibition of neutrophil
apoptosis secondary to surgical stress may also con-
tribute [38].

A meta-analysis of an association between NLR
and disease outcome across a range of tumour types
and disease stages indicated that NLR has a clear prog-
nostic value and is associated with worse overall sur-
vival when NLR exceeds certain cut-off levels. For
example, NLR > 4 was associated with worse overall
survival in solid tumours [20]. In studies evaluating
NLR for prognosis in breast cancer specifically, non-

Table 2 Pre-operative laboratory results in patients receiving propofol-paravertebral anaesthesia vs. patients receiving
inhalational-opioid anaesthesia. Values are mean (SD) or median (IQR [range]).

Pre-operative blood results
Propofol-paravertebral
n = 59

Inhalational-opioid
n = 57 p value

White cell count 7.4 (2.1) 7.2 (2.1) 0.850
Neutrophil 4.7 (1.7) 4.6 (1.6) 0.825
Lymphocyte 2.0 (0.5) 1.9 (0.7) 0.915
Platelets 292 (67) 265 (68) 0.565
Neutrophil–lymphocyte ratio 3.0 (2.4–4.2 [1.3–16.3]) 4.0 (2.9–5.4 [1.2–10.6]) 0.850
Platelet–lymphocyte ratio 142 (115–197 [71–402]) 148 (108–218 [49–346]) 0.640

Table 3 Postoperative laboratory values in patients receiving propofol-paravertebral anaesthesia vs. patients receiving
inhalational-opioid anaesthesia. Values are mean (SD), median (IQR [range]) or number (proportion).

Propofol-paravertebral
Inhalational-opioid
anaesthesia

p valuen = 59 n = 57

WCC; 9109.l!1 9.0 (2.8) 9.0 (3.1) 0.900
Neutrophils; 9109.l!1 6.4 (2.5) 6.5 (2.8) 0.885
Lymphocytes; 9109.l!1 1.8 (0.6) 1.7 (0.7) 0.860
Platelets; 9109.l!1 268 (61) 237 (64) 0.610
NLR 3.0 [2.4–4.2] 4 [2.9–5.4] 0.001
Change in NLR 30% 81% 0.001
Patients with NLR > 4.0 18 (32%) 21 (40%) 0.925
PLR 148 [117–194] 148 [108–218] 0.885
Time to return of intended oncological therapy; weeks 8 (4–17 [3–20]) 8 (4–17 [1–21]) 1.0
Time to completion of intended oncological therapy; weeks 24 (18–32 [8–52]) 26 (20–36 [8–52]) 0.915

WCC, white cell count; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio.
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operative cut-off values between 3 and 3.3 have been
reported [21, 22]. The postoperative NLR in the inhala-
tional agent-opioid group exceeded this value, but was
less in patients given propofol. Several studies have
examined pre-operative NLR [20–22] as a prognostic
factor. Others have evaluated postoperative NLR
[14–16], although within approximately a 1-month
postoperative period. These do not give an indication of
the acute change in NLR in the peri-operative period
nor do they study the effect of anaesthetic technique on
NLR.

Kim et al. studied specific changes in NLR in the
peri-operative period in a small group of patients
undergoing vaginal hysterectomy [39]. They compared
propofol/remifentanil vs. sevoflurane-only anaesthetic
regimen and found a transient reduction in NLR at

2 h following surgery in the propofol group but, unlike
our findings, this was not statistically significant.

The two distinct anaesthetic techniques examined
in our study differ by both the type of anaesthetic used
(propofol vs. sevoflurane) as well as the primary peri-
operative analgesic technique (paravertebral block vs.
opioid-based). Therefore, attributing our findings to
the relative contributions of the drugs and techniques
used to find the NLR differences is not feasible. Opi-
oids have been linked with immunosuppressive effects
[40], whereas regional anaesthesia may attenuate the
surgical stress response and inflammation [41–43].

There is evidence that propofol may have protec-
tive effects against tumour progression and metastases
[44, 45], whereas inhalational anaesthetics have been
linked to increased metastatic activity [46, 47]. There

Table 4 Postoperative adverse events of patients receiving propofol-paravertebral anaesthesia vs. inhalational-opioid
anaesthesia. Values are number or median (IQR [range]).

Postoperative events
Propofol-paravertebral anaesthesia Inhalational-opioid anaesthesia
n = 59 n = 57

Stroke 0 0
Major adverse cardiac events 0 0
Venous thromboembolism 0 0
Lower respiratory tract infection 1 1
Delirium 1 0
Length of stay; days 3 (2–3 [2–8]) 3 (2–3 [2–20])
VAS pain score 1 (0–3 [0–4]) 3 (1–4 [0–4])

VAS, visual analogue scale.

0

inhalational postop

inhalational pre-op

propofol pre-op

propofol postop

2 4 6 8 10 12 14 16 18
Neutrophil-lymphocyte ratio values

Figure 2 Change in neutrophil–lymphocyte ratio.
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is also an association between platelet activity and
tumour progression and metastasis [48], and elevated
PLR is associated with reduced survival [18, 19]. We
postulated that the expected increase in PLR would be
attenuated by propofol-paravertebral anaesthesia which
was expected to minimise immunosuppression. How-
ever, anaesthetic technique appeared to have little influ-
ence on PLR. To the extent that PLR might be a
marker for cancer recurrence, our results do not sug-
gest that paravertebral/propofol anaesthesia is protec-
tive.

There were also no significant differences in the
time to return of intended oncological therapy. There
was a limitation in obtaining accurate data on time to
return to intended oncological therapy, because data

were obtained retrospectively from chart reviews, were
not available in a uniform manner and were incom-
plete in some cases. Patients in the study were part of
a geographically diverse group and did not receive fol-
low-up chemotherapy/radiotherapy in a single centre.
Furthermore, there was variance in the types of onco-
logical therapy being administered to this cohort of
patients.

A limitation of our present study is that we
included patients from our centre who had both pre-
and postoperative blood sampling, including a full
blood count within 72 h of surgery. However, in both
propofol-paravertebral and inhalational agent-opioid
anaesthesia groups, more than 95% had their white cell
count, and hence NLR, taken on either postoperative

23

23.5

24

24.5

25

25.5

26

26.5

Completion of intended oncological therapy (weeks)

Figure 4 Time to completion of intended oncological therapy. Propofol paravertebral anaesthetic group; Inhala-
tional opioid anaesthetic group

139

140

141

142

143

144

145

146

147

148

149

Propofol paravertebral anaesthetic (PPA) group Inhalational opioid anaesthetic (IOA) group

Figure 3 Change in platelet–lymphocyte ratio (PLR). Pre-operative; PLR Postoperative PLR
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day 1 or 2. There were also a small number (< 5%) in
each group with samples from up to 72 h postopera-
tively included. Only about half of our study patients
had blood sampled for cell counting postoperatively; it
is possible that results would differ had all patients
been included. However, it is plausible that postopera-
tive blood sampling was undertaken for clinical rea-
sons, which might have had a greater influence on
NLR than anaesthetic technique.

A previous study evaluated postoperative NLR at
3–4 months after surgery [17]. It is possible that propo-
fol and sevoflurane have direct effects on platelets, neu-
trophils or lymphocytes that are independent of any
generalised immune activation or inhibition. Surgical
stress, which may or may not influence cancer recur-
rence, certainly releases catecholamines which, in turn,
increase circulating neutrophils. Consistent with this
theory, the NLR increased in nearly all patients but
such changes may not convey prognostic information
about cancer recurrence.

In conclusion, in this retrospective analysis of an
ongoing RCT, propofol-paravertebral anaesthesia atten-
uated the postoperative increase in the NLR, but the
effect was small. Furthermore, neither the PLR nor
return to intended oncologic treatment were affected.
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