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Abstract

Background: In the general adult population, lymphopaenia is associated with an increased risk for hospitalisation with
infection and infection-related death. The quality of evidence and strength of association between perioperative lym-
phopaenia across different surgical procedures and mortality/morbidity has not been examined by systematic review or
meta-analysis.

Methods: We searched MEDLINE, Embase, Web of Science, Google Scholar, and Cochrane databases from their inception
to June 29, 2020 for observational studies reporting lymphocyte count and in-hospital mortality rate in adults. We defined
preoperative lymphopaenia as a lymphocyte count 1.0-1.5x10° L. Meta-analysis was performed using either fixed or
random effects models. Quality was assessed using the Newcastle—Ottawa Scale. The I? index was used to quantify
heterogeneity. The primary outcome was in-hospital mortality rate and mortality rate at 30 days.

Results: Eight studies met the inclusion criteria for meta-analysis, comprising 4811 patients (age range, 46—91 yr; female,
20—79%). These studies examined preoperative lymphocyte count exclusively. Studies were of moderate to high quality
overall, ranking >7 using the Newcastle—Ottawa Scale. Preoperative lymphopaenia was associated with a threefold in-
crease in mortality rate (risk ratio [RR|=3.22; 95% confidence interval [CI], 2.19—4.72; P<0.01, 12>=0%) and more frequent
major postoperative complications (RR=1.33; 95% CI, 1.21—1.45; P<0.01, [?’=6%), including cardiovascular morbidity
(RR=1.77; 95% CI, 1.45—2.15; P<0.01, 12:0%), infections (RR=1.45; 95% CI, 1.19—1.76; P<0.01, 12:0%), and acute renal
dysfunction (RR=2.66; 95% CI, 1.49—4.77; P<0.01, 12:1%)‘

Conclusion: Preoperative lymphopaenia is associated with death and complications more frequently, independent of the

type of surgery.
Prospero registry number: CRD42020190702.
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the quality of included studies was high, and hetero-

Editor’s key points geneity was low.

e The authors systematically reviewed the literature e The authors found a strong and credible association
regarding the association between preoperative lym- between low preoperative lymphocyte count and major
phopaenia and adverse perioperative outcome. Eight adverse perioperative outcomes, including death,
studies, including almost 5000 subjects, were analysed; infection, renal dysfunction, and cardiovascular

morbidity.

Received: 21 December 2020; Accepted: 1 February 2021

© 2021 British Journal of Anaesthesia. Published by Elsevier Ltd. All rights reserved.
For Permissions, please email: permissions@elsevier.com

32


mailto:g.ackland@qmul.ac.uk
mailto:permissions@elsevier.com
https://doi.org/10.1016/j.bja.2021.02.023

Lymphocyte count and complications after surgery | 33

Infections after surgery occur frequently,’ cluster with other
complications,”? and are associated with lower survival rates
even if patients survive to hospital discharge.*” In the general
population, lymphopaenia is associated with an increased risk
of hospitalisation as a result of infection and almost doubled
risk of death, after adjusting for potential explanatory factors
including blood neutrophil count.®

Lymphopaenia that is evident for several years before
infection suggests that an elevated risk for infection is not
attributable to either undiagnosed infection or comorbidity.®
Lymphopaenia is a common finding in older individuals who
are at most risk of complications after surgery.” Age-related
thymic atrophy and a shift towards myelopoiesis results in a
reduction of peripheral lymphocyte numbers.®® Relative
lymphopaenia is further exacerbated by low-grade chronic
inflammation secondary to cancer, cardiovascular disease,
and type 2 diabetes.® Acute viral infections, including coro-
navirus disease 2019 (Covid-19), are particularly associated
with profound lymphopaenia.'® A functional T cell arm of the
adaptive immune system is necessary for protection from
polymicrobial sepsis and diminishes the inflammatory
response to injury.'’ Reduced T cell functionality caused by
bioenergetic impairment is evident in lymphopaenic patients
before elective surgery.’ Lower preoperative lymphocyte
counts because of ageing and disease is, therefore, very likely
to play an integral role in shaping the immune response to
surgery and trauma.'””'* Further dramatic declines in
lymphocyte count from preoperative levels occurs within
hours of surgical trauma, with persistent lymphopaenia
independently associated with higher mortality in critically ill
emergency surgical patients.”>’® Low lymphocyte counts
promote lymphopaenia-induced proliferation of antigen-
experienced T cells, and lymphocytosis derived inflamma-
tion contribute to the development of cardiovascular dis-
ease.” Moreover, a lack of reparative T lymphocyte subsets
prevents the resolution of cardiac inflammation and tissue
repair.'® Despite multiple lines of biological and clinical
enquiry suggesting a link between lymphopaenia and adverse
outcomes after surgery, this association has yet to be exam-
ined by systematic review and meta-analysis. The objective of
this study was, therefore, to systematically examine the rela-
tionship between lymphopaenia and mortality, complications
after elective surgery, or both.

Methods
Protocol and registration

We registered the systematic review prospectively with
PROSPERO: CRD42020190702. We followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines for this review. Ethical approval was not
required for this study.

Study search strategy

We searched Medline, Embase, Web of science, and Cochrane
Database for trials reporting perioperative lymphocyte count
from inception of each database until June 2020. We used a
combination of the following terms (in UK and US English,
where applicable) to search the different databases on June 29,
2020: ‘lymphocytopaenia’, ‘lymphocytopenia’, ‘lymphopae-
nia’, ‘lymphopaenia’, ‘lymphocyte count’, ‘lymphocyte’, ‘sur-
gery’, ‘perioperative’, ‘postoperative’. The electronic search

was conducted using the following search strategy: (1) ‘lym-
phopaenia’ OR ‘lymphocytopenia’ OR ‘lymphocyte count’; (2)
‘surgery” OR ‘preoperative’ OR ‘perioperative’ OR ‘post-
operative’; (3) 1 AND 2 (Supplementary Table S1). The search
was completed by two authors (JS and VW), and the results
were compared. No search filters or language and publication
status restrictions were applied. We extracted records to
Endnote (Thomson, Reuters, Philadelphia, PA, USA) to sort and
remove duplicates.

Inclusion criteria

Original research articles were considered in this study pro-
vided they met the following inclusion criteria: adult patients
(age >18 yr) undergoing elective surgical intervention; lym-
phopaenia count, lymphocyte count, or both reported before
surgical intervention; quantitative outcomes of in-hospital
mortality, mortality at 30 days, or both.

Exclusion criteria

We excluded non-English articles, review articles, non-
research letters, commentaries, animal studies, case reports,
and full-text articles with insufficient information.

Study selection

Study selection and data extraction was conducted by two
independent researchers (JS and VW). All studies were
screened based on title and abstract, followed by full-text re-
view to identify articles meeting our inclusion criteria. The full
text of these articles was subsequently reviewed to select pa-
pers reporting our primary outcome. References of selected
articles and published systematic reviews were also searched
to identify any further relevant articles meeting our inclusion
criteria. Additionally, authors of relevant papers were con-
tacted for missing information where possible. When there
was uncertainty regarding eligibility, a third reviewer was
consulted (TJ).

Data collection process and data items

Data were extracted from selected papers by two independent
reviewers (JS and VW) to a pre-formatted Excel worksheet
(Microsoft, Redmond, WA, USA) containing the following
characteristics: first author, year, study type, surgery type,
sample size, age, sex, comorbidities, outcome(s) reported,
duration of follow-up period, definition of lymphopaenia,
timing of blood draw to enumerate lymphocyte count in
relation to timing of surgery and mortality (Table 1). Numbers
of events were extracted for dichotomous outcomes and
means with standard deviation (sp) were extracted for
continuous outcomes.

Primary outcome

The primary outcome was mortality rate, which was defined
as in-hospital mortality or mortality at 30 days after surgical
intervention.

Secondary outcomes

Secondary outcomes were all-cause complications, infection,
surgical site infection, pneumonia, thromboembolic events
(deep vein thrombosis, pulmonary embolus), acute renal
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failure, delirium/confusion, and cardiovascular complica-
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the absolute lymphocyte count (Supplementary data) or un-
derlying diagnoses that may account for lymphopaenia.

Study characteristics

We found that eight eligible studies comprising 4811 patients
undergoing noncardiac and cardiac surgery reported only the
preoperative lymphocyte count (Table 1).%*?'72% Lymphopae-
nia was variably defined as a lymphocyte count of
1.00-1.50x10° L™%; 567/4230 subjects had study-specific defi-
nitions for preoperative lymphopaenia (Table 1). Two studies
reported lymphocyte counts for 581 patients without speci-
fying normal ranges.?>?°

Publication bias and study quality

Funnel plot analysis showed symmetrical shapes for all pri-
mary and secondary outcomes (Supplementary Figs S1—S4).
Studies were of moderate to high quality overall, with ranking
>7 using the NOS (Supplementary Table S2).

Primary outcome: lymphopaenia and mortality

Six studies reported in-hospital mortality, mortality at 30
days, or both. Two studies provided additional unpublished

data on request.>® Preoperative lymphopaenia was associ-
ated with higher mortality (RR=3.22; 95% CI, 2.19-4.72;
P<0.001, I?>=0%) (Fig. 2). Given the study-specific heteroge-
neity in defining lymphopaenia, we also performed a sub-
group analysis for the degree of lymphopaenia reported,
defined as either <1.0x10° or <1.5x10° L~% For both
thresholds, the association of lymphopaenia with higher
mortality remained (Fig. 3). Subgroup analysis for surgery
type could only be performed for orthopaedic surgery,
which showed that lymphopaenia was associated with
higher mortality rates (RR=3.21; 95% CI, 1.94—5.33; P<0.001,
1>-0%) (Fig. 3). Meta-analysis of three studies showed that
patients who died during the follow-up period had a lower
preoperative lymphocyte count (MD=—0.67x10° L™}; 95% CI,
—0.79 to 0.54; P<0.001, 1?=0%) compared with those
who survived (Fig. 4).?%?%? Subgroup analysis for this
outcome was not possible because of the small number of
studies.

Secondary outcomes

All-cause complications

Four studies reported perioperative complications.>%?%%¢

Lymphopaenia was associated with an increased risk of all-
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Fig 1. PRISMA flow diagram showing literature search results. Eight studies were used for the meta-analysis. PRISMA, Preferred Reporting

Items for Systematic Reviews and Meta-Analysis.
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Fig 2. Lymphopaenia and mortality. Funnel plot analysis showed symmetrical shape. CI, confidence interval; M-H, Mantel-Haenszel.
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Fig 3. Subgroup analysis for mortality based on different cut-offs for lymphopaenia and type of surgery. Funnel plot analysis showed
symmetrical shape for all three groups. CI, confidence interval; M-H, Mantel-Haenszel.
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Fig 4. Lymphocyte count and mortality. Funnel plot analysis showed symmetrical shape. CI, confidence interval; sp, standard deviation.

cause complications in the perioperative period (RR=1.33; 95%
CI, 1.21-1.45; P<0.001; I>=6%) (Fig. 5). For specific secondary
outcomes, only cardiovascular, renal, and infectious compli-
cations were reported.

Cardiovascular complications

Cardiovascular

complications

were reported

in

three

studies.?>?*> Lymphopaenia was associated with an increased
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All complications
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Fig 5. Lymphopaenia and postoperative complications. Funnel plot analysis showed symmetrical shape for all groups. CI, confidence

interval; M-H, Mantel—-Haenszel.

risk of cardiovascular complications in the perioperative
period (RR=1.77; 95% CI, 1.45—2.15; P<0.001, I>’=0%) (Fig. 5).

Postoperative infections

Three studies reported infectious complications.?>?® Lym-
phopaenia was associated with an increased risk of infections
in the perioperative period (RR=1.45; 95% CI, 1.19-1.76;
P=0.001, I?>=0%) compared with normal lymphocyte count
(Fig. 5).

Acute renal failure

Three studies reported the incidence of acute renal failure
requiring renal replacement for which the risk was higher in

patients with lymphopaenia (RR=2.66; 95% CI, 1.49—4.77,
P=0.001, I’=1%) (Fig. 5).2>%

Discussion

Our meta-analysis of eight studies including 4811 patients
exclusively detailing lymphocyte count before surgery found
that relative lymphopaenia was consistently associated with
higher risk of death and more frequent major postoperative
complications after surgery. Patients who died during the
follow-up period had a lower preoperative lymphocyte count
compared with survivors.

Despite the clear biologic rationale for lymphopaenia pro-
moting infectious complications and organ dysfunction
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fuelled by dysregulation of inflammation, there are surpris-
ingly few studies in the surgical population. Many studies have
focused on neutrophil/lymphocyte ratio, but have seldom re-
ported absolute differential leucocyte counts. In the absence of
enumerating specific leucocyte subsets, determining whether
the roles for the relative presence, or absence, of a particular
cell type is impossible. Our data identifying lymphopaenia as a
key leucocyte are in accord with findings in a study of the
general population in Denmark, which utilised data obtained
from 98 344 individuals enrolled in the Copenhagen General
Population Study.® This Danish study, the largest of its type
thus far, found a consistent independent association between
a low lymphocyte count and increased risk of several in-
fections, adjusted for age, smoking, BMI, alcohol intake,
plasma C-reactive protein, blood neutrophil count, recent
infection, medication use, and comorbidities (including auto-
immune disease, immunodeficiency, and haematologic dis-
ease). Although unaccounted for confounding variables
cannot be excluded, these epidemiological data suggest that
lymphopaenia is not an epiphenomenon merely reflecting
inflammatory, metabolic, or neuroendocrine stressors.

Lymphopaenia appears to be dose-dependently associated
with adverse outcomes. Our study mirrored the findings of the
Copenhagen General Population Study, where the association
with excess risk for acquiring infections persisted whether
lymphopaenia was defined as lymphocyte count below the
2.5th percentile or, alternatively, two widely implemented cut-
offs (1.0x10° and 1.5x10° L~%). Moreover, using repeat mea-
surements of lymphocyte count made over 10 yr in 5181 in-
dividuals, the Danish study found that most individuals with
lymphopaenia had persistently lower lymphocyte counts.
Using a statistical technique that considered both measure-
ment and biological variability overtime (regression dilution
bias), longstanding lymphopaenia remained associated with
increased risk of infection. Similarly, in a large US cohort study
of 31 178 participants enrolled in the National Health and
Nutrition Examination Survey, a dose—response relationship
was observed between the degree of lymphopaenia and all-
cause mortality.” Lymphocyte counts <1.5x10° L™}, present
in 20.1% participants, were associated with age- and sex-
adjusted excess risk for mortality (hazard ratio=1.3; 95% CI,
1.2—1.4), compared with individuals with an absolute
lymphocyte count >1.5x10° L1 However, the risk of for
mortality was even higher (hazard ratio=1.8; 95% CI, 1.6—2.1)
in 3.0%, individuals with even more pronounced lymphopae-
nia (<1.0x10° L™Y). We found that relative lymphopaenia was
associated with poorer outcomes independent of the type of
surgery. Taken together, these studies suggest strongly that
lymphopaenia is a pathologic driver for acquiring infections
and acute-on-chronic inflammation triggering organ injury,
independent of aetiology (comorbidity), age, and chronicity of
lower lymphocyte count.

Our study only included papers that documented absolute
lymphocyte counts, but we should note that a large number of
studies reported total white blood cell count, neutrophil/
lymphocyte ratio, or both.”” Many of these papers suggest both
measures may serve as a guide to identify the highest risk
surgical patients but clearly cannot provide mechanistic clues
as to which subset of leucocytes may be most instrumental.
Our data support a role for several pathologic mechanisms
demonstrating causative role for lymphopaenia in conferring
a higher risk of acquiring infections and organ dysfunction.
Human and laboratory data show that relative lymphopaenia
is linked to decreased T cell activation, proliferation, and

lymphopoiesis,?® accompanied by a propensity for increased
apoptosis®*° because of impaired mitochondrial func-
tion.>3132 Reduced CD4 T-helper cell numbers impair the
production of specific antibodies by B lymphocytes and
compromise phagocytic capacity.*®> Cytotoxic T lymphocytes
eliminate malignant cells, the metastases of which requires
the formation of neutrophil extracellular traps.>* None of the
analysed studies describe the relative contribution of
lymphocyte subpopulations such as CD4 and CD8 T cells, B
cells, and natural killer cells, to the overall lymphopaenic
phenotype and postoperative complications. For example, af-
ter surgery, CD8 T cell apoptosis frequency is associated with
postoperative infections.>® Persistent lymphopaenia after the
onset of sepsis correlates with mortality.>® These longstanding
observations in sepsis are now mirrored by patients infected
with Covid-19, who are frequently lymphopaenic and have
worse outcomes after noncardiac surgery.’’*® Apoptosis-
resistant lymphocytes improve survival in experimental
sepsis.*” Pre-treatment of septic mice with anti-apoptotic an-
tiretroviral agents improves survival in a lymphocyte-
dependent manner, as T cell-deficient (RAG1~") mice did not
benefit from this treatment.*’

Strengths of this analysis include the analysis of a wide
range of types of surgery, which suggests these data are gen-
eralisable. We published our methodology prospectively via
PROSPERO before undertaking this study. As lymphocyte
counts appear to be similar across different ethnicities and
sexes, the results are likely generalisable.*! A limitation is that
various cut-off values for lymphopaenia definition were used
in the included studies. This precludes making preliminary
recommendations on potentially clinically useful thresholds
that may indicate higher risk. Several studies had a small
sample size, which is likely to underestimate the association
between perioperative lymphopaenia and mortality. Few
studies report (secondary) morbidity outcomes. Although
funnel plots including <10 studies may not be sufficient to
distinguish real asymmetry from chance and to accurately
detect publication bias,*>** studies were of moderate to high
quality as adjudged by the NOS.

This meta-analysis shows that preoperative lymphopaenia
is associated with excess postoperative mortality and a higher
incidence of postoperative complications including cardiac,
infection, and renal failure. Given the consistent findings for
lower lymphocyte count and outcomes across surgery types
and independent of comorbidity, these data suggest a plau-
sible causative role for lymphopaenia in determining surgical
outcomes. Aside from a role for lymphopaenia as a biomarker,
these data suggest that emerging immunoadjuvant therapy
that target defects in adaptive immunity may play a role in
patients undergoing major surgery.**
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