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The immunological effects of trauma

BY T. W. J. LENNARD AND D. A. BROWELL
Department of Surgery, The Medical School, The University, Newcastle upon Tyne NE2 4HH

Trauma, both surgical as occurs during an elective operation, and accidental as in the
burn or road traffic accident victim, is associated with a relative state of immuno-
suppression. Why this apparently deleterious response should happen remains
unexplained, but our understanding of the interactions within the immune system during
trauma is increasing dramatically. The use of monoclonal antibodies, recombinant DNA
technology and highly sensitive assays has permitted the dissection of much of the
immune system to be carried out. The present review will examine recent findings on the
immunological consequences of trauma.

For many years surgeons have been aware that patients who have short, uncompli-
cated operations recover much quicker than those who have lengthy, complex pro-
cedures (Buckman, 1976). The metabolic (Gill et al. 1975) and endocrine (Johnston,
1972) responses to trauma are well known. Recent interest in the immune system (which
has an important role in response to infection, allograft rejection and probably
malignancy) and trauma has developed because of the exciting possibility of using drugs
or cytokines to block or augment certain immunological events.

The immunological response can be seen as an orderly progression of cellular activity
and protein production to control injury and modulate healing. This includes haemo-
stasis, production of growth factors, changes in the microcirculation, the inflammatory
response and wound repair. The inflammatory response can be subdivided into an innate
response and an adaptive one. The innate response includes such factors as secreted
enzymes and proteins, acute-phase proteins, activation of the alternate pathways of
complement, the interferons (IFN) and non-specific immunological activity such as
phagocytosis and natural killer (NK) cell activity. None of the factors previously
described require previous ‘programming’ or cooperation with specific antigen-primed
cells to be effective.

The adaptive immune response, in contrast, is a highly specific response occurring as a
result of directed antibodies, targeted cytokine-mediated lymphocyte activity and the
classical pathway of complement activation (Lennard, 1991). The typical cascade
reaction to antigen is shown in Fig. 1.

The observation that critically ill postoperative patients often have measurable
deficiencies in components of their immune system (Mclrvine & Mannick, 1983) led
logically to the assumption that detection of these deficiencies might (a) be predictive of
complications before they occur and (b) be preventable or reversible.

Changes in the number and function of T-lymphocytes (Hansborough et al. 1984;
Lennard et al. 1985), NK cells (Lennard et al. 1985; Tonnesen, 1989) and the cytokines
(Faist et al. 1987) and receptors (Akiyoshi et al. 1985; Teodorczyk-Injeyan et al. 1987)
that control these important immune effector cells do occur postoperatively and
generally the effect of trauma is to down regulate these cells, thus rendering the patient
comparatively immunosuppressed.

The expression of class IT major histocompatibility complex (MHC) on monocytes (a
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Fig. 1. Cascade reaction to antigen. IFN, interferon; NK, natural killer; II, interleukin; MHC, major
histocompatibility complex; K, killer; CD, cluster differentiation.

prerequisite for effective antigen presentation and processing) is diminished in trauma
patients and can assist in identifying those who go on to develop infective complications
(Hershman et al. 1990; Cheadle et al. 1991). Defects in neutrophil chemotaxis,
phagocytosis, lysosome activity and superoxide production have been identified post-
operatively (Utoh er al. 1988), in addition to increased prostaglandin Ej, defective
monocyte interleukin (IL)-1 secretion, and diminished IFN-y production (Faist et al.
1988). There is evidence that administration of IFN-a preoperatively can abrogate
reduced postoperative NK cell activity in patients with gastrointestinal malignancy
(Sedman et al. 1988), and that IFN-y may correct some of the immunological dis-
turbances associated with severe injury and reduce septic complications (Polk et al.
1992).

The cytokines regarded as major mediators of the acute-phase response are tumour
necrosis factor (TNF), IL-1 and IL-6. TNF and IL-1 produce clinical signs of the
acute-phase response (fever, tachycardia and catabolism) as a ‘side effect’ of their
activity on CD 4 cells and their interaction with other cytokines, notably 1L-6 (Kohase
et al. 1986; Bauer et al. 1988; Tosatu & Jones, 1990). IL-1, IL-6 and TNF probably all
contribute to produce the synthesis of the acute-phase proteins (Baumann & Gauldie,
1990). IL-6 is elevated postoperatively in elective surgical patients (Shenkin et al. 1989;
Cruickshank et al. 1990), but IL-1 and TNF responses are less clear (Pullicino et al.
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1990). Some evidence does exist, however, for a poor outcome in septic or burnt (Debets
et al. 1989) patients who have high levels of TNF or IL-6 (Damas et al. 1992; Ohzato et al.
1992).

Finally, in addition to trauma itself, the effects of blood transfusion must be con-
sidered. Haemorrhage alone causes a depression of the immune system (Stephan et al.
1987; Ayala et al. 1990) and blood transfusions, too, have been associated with immune
depression, increased sepsis and a poor outcome after surgery (Jensen et al. 1992).

The contribution towards immunosuppression by perioperative blood transfusion
(POBT) remains controversial. One of the difficulties is the separation of the potential
immunosuppressive activities of POBT from those of haemorrhage or coexistent disease.
It is known that transfusion of blood can render T-lymphocytes unable to recognize
major histocompatibility antigens expressed on a grafted organ that has similar antigens
to the transfused blood (Vantwuyver et al. 1991). This specific immunosuppression has
been exploited in both experimental and clinical organ transplantation. However, it is
difficult to draw clear parallels between allograft specific immunosuppression and the
more generalized, non-specific immunosuppression associated with trauma.

In animal models haemorrhage in the absence of any other trauma has been shown to
decrease immunological resistance to a bacterial challenge (Stephan er al. 1987,
Livingston & Malangoni, 1989). Similarly tumours have an increased growth rate in
animals subjected to hypovolaemia and lymphocytes from these animals exhibit a
decreased response to non-specific stimulation by mitogens (Younes et al. 1991). Blood
transfusion in the absence of significant hypovolaemia also increases the animal’s
susceptibility to bacterial infection (Galandiuk ez al. 1990).

Clinical studies have shown that neonatal recipients of exchange transfusions have a
decreased lymphocyte responsiveness for at least two decades after the transfusion (Beck
et al. 1981). Patients who have required transfusion because of anaemia secondary to
inflammatory bowel disease have significant reductions in their total numbers of T-cells
for up to 18 months (Tartter et al. 1986). Laboratory studies have shown that a blood
transfusion decreases NK cell and macrophage function as well as decreasing the
helper/suppressor T-cell ratio (Kaplin ez al. 1984; Waymack et al. 1987, 1990), and these
effects appear to be additive to the immunosuppressive effect of trauma, increasing the
infective complications (Waymack et al. 1986; Pinto et al. 1991). Furthermore, these
effects appear to be proportional to the size of the transfusion (Tartter, 1989). IFN-y can
attenuate haemorrhage-induced immunosuppression and susceptibility to sepsis (Ertel
et al. 1992). The use of autologous blood is under investigation to determine whether it
can avoid the observed effects of third-party blood. Recent work suggests that the ‘blood
transfusion’ effect may be related to its storage before transfusion, during which time the
cellular elements of blood become senescent and die releasing many potential bio-
logically active compounds (Lawrance et al. 1990). In vitro the supernatant fraction from
stored blood inhibits the response of autologous lymphocytes to mitogenic stimuli as well
as promoting malignant cell proliferation (Browell et al. 1992). Predeposit autologous
blood is stored for up to 4 weeks before its use and is subject to the same aging process.
Thus, if these in vitro effects are repeated in vivo, the use of predeposit autologous blood
would not confer any immunological benefit over third-party blood. Clinical studies
supporting these results indicate that predeposit autologous blood does not abrogate
infective complications which occur with the use of third-party blood in elective
colo-rectal surgery (Busch et al. 1992).
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The use of intraoperative autotransfusion from ‘clean surgical cases’ does not increase
the risk of septic complications (Ezzedine et al. 1991). The use of blood salvaged from
potentially contaminated surgical fields has always been contraindicated, but it may have
a role as washing and filtration of salvaged blood removes damaged cells, cell debris,
malignant celis, as well as bacteria (Miller et al. 1991; Ozmen et al. 1992), and activated
components of the complement cascade (Sieunarine et al. 1991).

The use of drugs has been suggested as a way of overcoming POBT immuno-
suppression. Ranitidine appears to prevent the decrease in delayed hypersensitive
immunoreactivity observed in recipients of POBT (Neilsen ez al. 1989). Indomethacin, a
prostaglandin synthase (EC 1.14.99.1) inhibitor, has also been shown to inhibit
transfusion-induced immunosuppression (Shelby er al. 1987). The links between blood
transfusion and a patient’s immune system are not merely related to an increase in
infective complications or cancer recurrence, as there is now evidence to suggest that
blood transfusions impair healing directly by increasing rates of intestinal anastomotic
dehiscence (Tadros ef al. 1992).

CONCLUSION

What are the clinical implications of the effects described above?

1. There appears to be a ‘dose-response effect’ of trauma on the immune system. The
bigger and longer lasting the injury, the greater the immune depression. Perhaps the
dramatic recovery seen after laparoscopic surgery compared with the more traumatic
open operations can be explained by this. Surgical trauma should, therefore, be reduced
to an absolute minimum and more emphasis placed on perfecting minimally invasive
surgery.

2. The magnitude of immunological disturbance may predict for complications.

3. Haemorrhage alone induces immune depression; therefore, care should be taken to
minimize this, and techniques developed to reduce blood loss to a minimum.

4. Blood transfusions cause immunosuppression and are implicated in several post-
operative complications. Thus, they should be used only according to strict indications.

5. Research should continue to dissect further the effects of trauma on the immune
system, and ways to overcome this biologically or pharmacologicaily.
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