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Abstract

Objective: To evaluate the diagnostic accuracy of vital signs for detecting brain lesions in patients with impaired consciousness in a rural
setting.

Methods: \We enrolled patients older than 12 years who presented with impaired consciousness of non-traumatic origin to the intensive care
unit of a rural teaching hospital. The design was a cross sectional analysis of a hospital-based case series, independently comparing vital signs
on admission (temperature, pulse, systolic and diastolic blood pressure) against a reference standard (final diagnosis). Diagnostic accuracy
was measured by computing multi-level likelihood ratios, and area under the receiver operating characteristic (ROC) curve.

Results: We studied 386 patients of whom 242 (62.7%) were men. A total of 178 patients (46%) had a brain lesion. None of the clinical
predictors could accurately distinguish between those with and without a brain lesion. The area under the ROC curve for pulse was 0.61 (S.E.
0.02); that for the systolic and diastolic blood pressure 0.70 (S.E. 0.02) each. Systolic BP provided informative test results in 29.7%, diastolic
BP in 37.2% and pulse rate in 19.9% patients.

Conclusion: Our findings suggest that the vital signs lack accuracy for ruling in or ruling out brain lesion in patients with impaired conscious-
ness.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Abbreviations: CT, computed tomography; ICU, intensive care unit; BP, The diagnostic workup of patients presenting with im-
blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure;paired consciousness is difficult, particularly in resource-
GCS, Glasgow Coma Scale; LR, likelihood ratio; 95% ClI, 95% confidence |jmited Settings_ Some patients with impaired consciousness
interval; ROC, receiver operating characteristic; S.D., standard deviation; have underlying brain lesions, whereas others dql']oﬂt

S;E., stanaard eror is inappropriate and prohibitively expensive to routinely per
* Study location: Department of Medicine, Mahatma Gandhi Institute of pprop P Yy exp yp

Medical Sciences, Sevagram, Wardha 442102, Maharashtra, India (a rurafOrm nelurmo.gic_al imgging StUd.ieS on every single patient
teaching hospital). presenting with impaired consciousness. Computed tomog-
* Corresponding author. Tel.: +91_7_152 284 134; fax: +91 7152 284 3_33. raphy (CT) scans are expensive and generally not available
~ E-mail addresses:  ygeetamedicine@yahoo.com (Y. Geetadevi), j3 most rural hospitals in developing countries such as India
rjoshimgims@rediffmail.com (R. Joshi), madhupai@berkeley.edu (M. [2]. Even in settings where CT is available, time delays in ob-
Pai), spkalantri@rediffmail.com (S.P. Kalantri). i . ) ! -
1 Tel- +91 7152 284 967 fax: +91 7152 284 333. taining a scan to rule out a brain lesion can compromise care

2 Tel.: +1 510 643 9520; fax: +1 510 642 9872. of patients admitted with impaired consciousness. We, there-
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fore, need a simpler diagnostic strategy that can help identify 2.2. Ascertainment of clinical predictors

those patients with impaired consciousness that have an un-

derlying brain lesion. This strategy, ideally, should be easy = The study design employed was cross-sectional. We

to perform, inexpensive and available at the bedside. Such arecorded four clinical variables (pulse rate, systolic blood

test can be extremely helpful in rural hospitals with limited pressure, diastolic blood pressure and temperature) on an en-

resources. rolment data form, within 30 min of the patient’'s admission
Patients with impaired consciousness and in- tothe medical ICU. The study coordinator (Y.G.) either col-

creased intracranial pressure may have bradycardialected data from the patients herself or abstracted the infor-

and hypertension—the Cushing’s respori8& By con- mation from the medical records.

trast, patients without a brain lesion, such as those with

sepsis and metabolic coma may present with hypotension2.3. Ascertainment of the reference standard

and tachycardia. A study from Japd#] that evaluated

the accuracy of vital signs in the diagnosis of impaired Patients were assessed by their attending physicians who

consciousness concluded that systolic blood pressure (SBPprdered pertinent investigations to diagnose the underlying

could discriminate patients with impaired consciousness cause of impaired consciousness. Two investigators (R.J. and

who were at high risk from those who were at low risk S.P.K.) reviewed the discharge summaries and the informa-

of an organic brain lesion, and argued that use of SBP tion available on the enrolment data form and assigned con-

in the diagnosis of impaired consciousness can improve firmed diagnoses according to th&ernational Classifica-

the efficient use of technology and reduce the health- tion of Diseases, 10th version (ICD-10) classification6].

care costs. Any discrepancies in assigning ICD codes were resolved by
We conducted this study in our rural hospital to determine consensus. We considered the final diagnosis as the reference

if we could use vital signs (temperature, pulse rate, systolic standard. The codes were then used to create a binary variable

and diastolic blood pressures) to identify the presence of brainrepresenting the presence or absence of brain lesion in the

lesions in patients presenting with impaired consciousness. study population. The reference diagnosis was categorized as

“brain lesion” and “no brain lesion”. The group categorized
as having “brain lesions” included patients with strokes, brain

2. Materials and methods tumours, meningo-encephalitis, cerebral malaria and degen-
erative diseases of nervous system (e.g., Parkinson’s disease).
2.1. Setting and study design The group categorized as having “no brain lesions” com-

prised of patients with pesticide poisoning, hepatic coma, di-

The Mahatma Gandhi Institute of Medical Sciences, Se- abetic coma, hypoxic-ischaemic encephalopathy, snakebites
vagram, is a rural medical school located in a small town in and hypovolemia. The reference diagnosis was considered
central India. It is a 648-bed, teaching institution with over definite when the final diagnosis could be confirmed (e.g.,
325,000 patient visits and about 5500 patient admissions toevidence of stroke on CT scan), probable when the investi-
the internal medicine wards, each year. Impaired conscious-gations were inadequate (example, suspected stroke not con-
ness is a fairly common reason for admission to the medical firmed by CT scan) and uncertain when a clear diagnosis
intensive care unit (ICU) in our hospital. Residents, super- could not be made. Of the total 555 eligible patients, definite
vised by the internal medicine faculty, evaluate all patients diagnosis could not be reached in 117, and these were ex-
admitted to the ICU. For a period of 10 months, beginning in cluded from the analysis. Another 52 patients were excluded
March 2003, we prospectively recruited consecutive patients, as they either presented after 24 h of symptom onset, or had
aged 13 and above, who presented with impaired consciousteceived treatment before admission. Hence a total of 386
ness to our ICU. Potential study participants were identified patients were included; 274 of them (70.9%) had CT scans
by the ICU residents or by the study coordinator (Y.G.). To as part of their diagnostic work-up.
be eligible for the study, patients had to be at least 12 years
old and had to have been admitted to the medical ICU with 2.4. Staristical analysis
impaired consciousness—defined as a Glasgow Coma Scale
(GCS) score of 14 or le$5]. We excluded patients presenting Diagnostic accuracy was measured by computing point es-
24 h after the onset of impaired consciousness; patients withtimates of the following test properties using standard meth-
head injury; those patients whose complete clinical data wereods: multi-level likelihood ratios (LR), and area under the
not available; patients who had already been investigated orreceiver operating characteristic (ROC) curve. The precision
treated before they were admitted to our hospital; and pa- of these estimates was evaluated using 95% confidence in-
tients who died before a final diagnosis was established. Thetervals. The likelihood ratio is the probability of a given test
institutional review board concurred with our suggestion that result when the disease is present, divided by the probability
because we were collecting data that is routinely obtained of the same test result when the disease is absent. LRs indi-
from all patients in the ICU, an informed consent was not cate by how much a given test result will raise or lower the
necessary. pre-test probability of the target disease. A likelihood ratio
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Table 1
Admission characteristics and distribution of clinical predictors among study patients with impaired consciousness, with and without arbrain lesi
With brain lesion ¢=178) Without brain lesion(=208) p value
Mean age (S.D.) years 53.73 (17.0) 45.88 (18.3) .080
Number (%) of women 62 (34.3) 82 (39.9) .68
Glasgow Coma Scale score (S.D.) 9.24 (3.3) 9.72 (3.2) 140
Pulse (beats per minute) (S.D.) 91.5(22.3) 102.2 (27.2) 260
Systolic blood pressure (mmHg) (S.D.) 144.5 (41.5) 110.2 (36.5) .064D
Diastolic blood pressure (mmHg) (S.D.) 85.6 (24.2) 64.0 (27.4) .080
Temperature°C) (S.D.) 37.4 (0.58) 37.4(0.53) .3

S.D.: standard deviation.
t Student's-test.
t y®test.

of 1 indicates that the post-test probability is the same as theses were performed using Stata software (Version 8, Stata
pre-test probability (poor accuracy). Likelihood ratios >1.0 Corporation, College Station, TX).

increase the probability that the target disorder is present. On
the other hand, LRs <1.0 decreases the probability of the tar-
get disordef7]. We considered that LR value of >2.0 and
<0.5 would lead to a meaningful shift in the probability of
brain lesion.

Because all clinical predictors were continuous measures,
we also constructed the ROC curve by plotting the true pos-
itive rate against the false positive rate to evaluate how well
vital signs discriminate patients with brain lesion from those
without. ROC curve is a graphic means of assessing the ex-
tent to which a diagnostic test can be used to discriminate
between persons with and without disease. The area unde
the curve prowd_e_s some measure of how well the test P similar, except that patients with a brain lesion were signifi-
forms. We classified accuracy of the area under ROC as IOWcantly older p=<0.001) than those without a brain lesion.
if the area was between 0.5 and 0.7; as moderate, if between
0.7 and 0.9; and as high if greater than [BP

We used the test for continuous variables and thétest
for categorical variables to determine the association of age,  Table 1landFig. 1show that compared with those patients
gender and clinical predictors with brain lesion. All analy- without a brain lesion, patients with a brain lesion tended

3. Results
3.1. Study patients

During the period March—December, 2003, a total of 386
patients were included in the study, consisting of 242 men and
144 women, between 12 and 95 years of age [mean (S.D.)
age 49.5 (18.1) yearsJable 1shows the characteristics of
the patients according to the presenee {78) or absence
n=208) of a brain lesion. The clinical characteristics of the
WO groups at admission (sex and score on the GCS) were

3.2. Clinical predictors

Table 2

Cause of impaired consciousness and distribution of clinical predictors among patients with and without brain lesion

Disease Glasgow Coma Systolic blood Diastolic blood Pulse rate (beats = Temperature°C),

Scale score, pressure (mmHg), pressure (mmHg), per minute), mean mean (S.D.)
mean (S.D.) mean (S.D.) mean (S.D.) (S.D)

With brain lesion
Intra-cerebral haemorrhage= 48) 79 (3.5) 1760 (37.2) 1031 (23.6) 857 (19.6) 373 (0.4)
Cerebral infarctionf="71) 102 (2.9) 1461 (36.1) 847 (21.3) 914 (24.5) 375 (0.7)
Brain tumour ¢ =5) 106 (2.4) 1236 (39.7) 776 (13.4) 984 (22.0) 372 (0.1)
Meningo-encephalitisi(= 29) 90 (3.1) 1127 (30.5) 693 (18.3) 919 (24.1) 375 (0.5)
Cerebral malariar(= 20) 99 (3.4) 1154 (27.4) 702 (19.7) 1007 (15.2) 377 (0.5)
Other brain lesionsi(=5) 6.4 (3.8) 1404 (38.1) 920 (17.9) 1050 (13.6) 377 (0.3)

Without brain lesion
Pesticide poisoning:(= 33) 88 (3.6) 1178 (28.4) 750 (18.0) 109% (28.6) 376 (0.5)
Hepatic comar{=33) 99 (3.1) 1107 (23.0) 655 (19.3) 950 (20.5) 374 (0.4)
Diabetic comar=12) 84 (3.8) 1265 (22.3) 743 (15.9) 951 (19.6) 371 (0.3)
Renal failure g =11) 102 (3.5) 1153 (54.2) 718 (31.6) 973 (32.4) 373 (0.3)
Alcohol intoxication =12) 111 (3.3) 1252 (14.6) 743 (10.6) 935 (22.1) 372 (0.2)
Hypoxia @z =71) 103 (2.8) 1058 (45.2) 569 (33.8) 1065 (30.8) 374 (0.7)
Snakebite{=7) 86 (4.0) 823 (39.4) 474 (26.5) 823 (29.2) 373(0.2)
Malignancy ¢ = 10) 91 (2.7) 1176 (20.4) 716 (13.3) 1014 (21.9) 374 (0.4)
Gastroenteritisi{(= 15) 101 (2.8) 941 (35.9) 561 (26.0) 1047 (22.4) 376 (0.4)

Other non-brain lesions: € 4) 7.3(2.6) 1060 (28.0) 445 (51.4) 1148 (19.7) 373 (0.3)
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Fig. 1. Distribution of pulse, SBP, DBP and temperature in patients with impaired consciousness.

to have higher systolic BP (144 mmHg versus 111 mmHg; renal failure; 10 (5%) had malignancies; 7 (3%) had snake
p=0.001), higher diastolic BP (85 mmHg versus 64 mmHg; bite and 4 (2%) patients had other diseases.
p=0.001) and lower pulse rate (91 beats per minute versus Fig. 2shows the ROC curve for each vital sign. The area
102 beats per minut@;=0.26). Body temperature was simi- under the ROC curve for pulse was 0.61 (S.E. 0.02); that for
lar in the two groups. the systolic and diastolic blood pressure 0.70 (S.E. 0.02) each.
We categorised patients into two subgroups according to These values indicate that if we draw two patients randomly
the presence or absence of a brain lesi@hle 2shows the from the group with brain lesion and the group without, and
causes of impaired consciousness and the distribution of vi-use SBP or DBP to guess which of the two is a patient with
tal signs among different categories. Of the 178 (46%) pa- a brain lesion, we shall be correct 70% of the time.
tients with a brain lesion, 119 (66%) had a confirmed di- As shown inTable 3 we divided the systolic BP, diastolic
agnosis of stroke; 5 (2%) had brain tumour; 29 (16%) had BP and pulse rate into five strata. We calculated multi-level
meningo-encephalitis; 20 (11%) had cerebral malaria; and 5likelihood ratios to assess the discriminatory power of each
(2%) patients had other diseases. Of the 208 patients withoutstratum of the diagnostic test result. We used LRs to deter-
a brain lesion, 33 (16%) had pesticide poisoning; 33 (16%) mine which values led to a meaningful shift in the probability
had hepatic coma; 71 (35%) had hypoxia due to cardiac or of brain lesion. We divided LRs into three categories: those
pulmonary causes; 15 (7%) had gastroenteritis; 12 (5%) hadthat gave areasonable evidence of brainlesion (LR > 2); those
diabetic coma; 12 (5%) had alcohol intoxication; 11 (5%) had that gave reasonable evidence against brain lesion (LR <0.5)



Y. Geetadevi et al. / Clinical Neurology and Neurosurgery 108 (2005) 25-31 29

Table 3
Accuracy of clinical predictors for diagnosing brain lesion in patients with impaired consciousness
With brain lesion Without brain All (n=386} Likelihood ratio (95% C1) Post-test
(n=178% lesion (=208} probability (%)
Systolic BP (mmHg)
<80 5 (28) 29 (139) 34 (88) 0.20 (0.18, 0.22) 9
80-119 52 (22) 96 (461%) 148 (383) 0.63 (0.59, 0.68) 29
120-159 55 (3@) 68 (327) 123 (319) 0.95 (0.90, 0.99) 44
160-199 50 (28) 14 (67) 64 (166) 4.17 (2.39, 7.29) 78
>200 16 (9) 1(G6) 17 (44) 1870 (2.52, 140.27) 94
Diastolic BP (mmHg)
<60 18 (101) 68 (327) 86 (223) 0.31(0.28, 0.34) 14
60-79 52 (22) 72 (346) 124 (321) 0.84 (0.80, 0.89) 39
80-99 59 (33L) 59 (284) 118 (306) 117 (0.87, 1.58) 49
100-119 35(19) 8 (38) 43 (111) 5.11 (2.44, 10.73) 81
>120 14 (79) 1(05) 15 (39) 1636 (2.17, 123.19) 93
Pulse rate (beats per minute)
<60 12 (67) 12 (58) 24 (62) 117 (0.54, 2.54) 49
60-79 44 (247) 26 (125) 70 (181) 198 (1.27, 3.08) 62
80-99 55 (3M) 60 (288) 115 (298) 107 (0.79, 1.46) a7
100-119 46 (2B) 54 (259) 100 (259) 10(0.95, 1.04) 46
>120 21 (118) 56 (269) 77 (199) 0.44 (0.41, 0.47) 20

2 Values are expressed in number (percentage) unless otherwise indicated.
b Cl denotes confidence intervals.

and an intermediate class for uninformative test results. Sys-clinical probleni1]. Clinical history, general physical and de-
tolic BP provided informative test results in 29.7%, diastolic tailed neurological examination, used to determine the pres-
BP in 37.2% and pulse rate in 19.9% patients. Our data showence or absence of a structural lesion, provide a baseline for
that systolic BP was 160 mmHg or more in 81 (21%) patients, future evaluations and quickly differentiate the general cate-
and pulse was less than 60 in 24 (6%) patients. However, onlygories to determine which further diagnostic tests are needed
five (1.3%) patients had both hypertension and bradycardiaor if immediate intervention is necessd8}. We conducted
(SBP > 160, pulse < 60); all of them had a brain lesion. this study to evaluate if determination of vital signs, such
as pulse and blood pressure, could accurately diagnose the
presence of structural brain lesions in patients with impaired
consciousness.
] . ) Of the total 386 patients, 178 (46%) patients had brain
Impaired consciousness, caused by structural brain le-|egjon that accounted for impaired consciousness (pre-test
sions, metabolic, toxic and psychiatric causes, is a commMONprohability of brain lesion in our setting). Our data show
11 that most categories of systolic BP, diastolic BP and pulse
rate generated likelihood ratios between 0.5 and 2.0, too
insignificant to be clinically useful. Systolic and diastolic
BP generated likelihood ratios that could significantly alter
No disorimination probability of brain lesion in approximately one-third study
—o—sBP patients; pulse rate did so in only one-fifth of them. The

4. Discussion

0.94
0.8 1
0.7 1

0.6 4

Sensitivity (true positives)

0.51 " ---g--- DBP discriminating power of systolic and diastolic BP resided
0.4 ' —-A-—PULSE mostly with extreme readings. For example, a patient with
0.3 a systolic BP >200 mmHg or a diastolic BP of >120 mmHg
021 had >90% post-test probability of having a brain lesion. By
04 contrast, systolic BP <80 mmHg, or diastolic BP <60 mmHg

'0 reduced the post-test probability of brain lesion to <15%.

These values look impressive, and concur well with the find-
ings from a study from Japaf#] that showed that sys-
tolic BP>180mmHg argued strongly for a brain lesion
Fig. 2. Receiver operating characteristic curve for systolic BP, diastolic (LR:26_4), whereas systolic BP <90 mmHg argued con-
BP, and pulslf in diig’c‘l‘fi”gn*t’@rt‘hfssi%’::i%g‘;“g:;s "l‘:iltshem’firf:bgg””i; vincingly against it (LR =0.03). However, wide confidence
2?3#3&332 higL:?\c/alue ir? brain lesion (s;ansitivity) aﬂd in,non-grain le- ymtervals around the p0|-nt estimates indicate t,hat few pa-
sion (L-specificity) is plotted (the area under the ROC curve: SBP=0.70; tients belonged to the highest or lower categories of blood

DBP =0.70; pulse =0.61). pressure—the very categories that could help one confidently

0 0j2 0:4 0..6 0..8 1
1- Specificity (false positives)
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rule in or rule out a brain lesion. The area under the receiver neurological examination and to be able to distinguish the
operating curve for systolic BP, diastolic BP and pulse rate normal from the abnormal is indeed important. Their impor-
(0.70,0.70and 0.63, respectively) also suggest that these clintance in determining the diagnosis or at least their role in the
ical predictors are incapable of making large and clinically localization of a neurological lesion is worth exploring par-
meaningful shifts between pre-test and post-test probabili- ticularly in settings where the hospitals may lack facilities for
ties. brain imaging12]. We did not evaluate the predictive power

In a previous study, Ikeda et §1] had suggested that sys- of complete neurological examination in identifying brain le-
tolic blood pressure is useful for diagnosing stroke-induced sion, however. Thirdly, temperature, pulse and blood pressure
impaired consciousness and argued that meaningful use ofare influenced by several cardiac, pulmonary and infectious
systolic blood pressure in patients with impaired conscious- aetiologies of impaired consciousness as well. Fourthly, we
ness can reduce the necessity for computed tomography. Ouused CT scan to discriminate patients with brain lesion from
study does not support this suggestion, probably due to athose without. Although a recent study has shown that im-
different distribution of competing conditiori$0]. Our pa- mediate CT scanning of stroke patients is cost-effective and
tient population differed significantly from the population improves quality of lifg13], many patients with mild stroke
described in previous studig$,11]. A quarter of patientsin ~ never show a visible infarct on CT scan, no matter when they
the study by Plum and Posngl] had drug poisoning; an-  are scannefl4]. CT scan may be negative in early brainstem
other quarter had stroke. By contrast, our study patients hadlesions and structural white mater lesions and is not useful in
problems peculiar to tropical, developing countries: menin- ruling in metabolic or toxic causes of coma. Lastly, we could
gitis, encephalitis, snakebites, pesticide poisoning, cerebralmake accurate final diagnoses in some categories (e.g. CT
malaria and diarrhoea. Also, compared to the patients re-scan-confirmed strokes or toxicological analysis in patients
cruited by lkeda et af4], our patients were younger (mean with pesticide poisoning), but notin other categories (e.g. un-
age 49 years versus 65 years) and were less likely to have hadliagnosed fever syndromes). Several of our study participants
stroke (33% versus 49%). had clinically unexplained fever and impaired consciousness

The classic Cushing’s response of systolic hypertension possibly due to malaria or meningo-encephalitis. We found
and bradycardi9] was seen in only five patients (1.3%) in it difficult to discriminate cerebral malaria from meningo-
our study. This suggests that a combination of bradycardiaencephalitis because their clinical profiles overlapped. These
and hypertension is an insensitive sign for the diagnosis of problems could have affected our final, gold standard diag-
brain lesion in adults with impaired consciousness of non- noses.
traumatic origin in our setting. Pre-existing hypertension or  In conclusion, among patients with impaired conscious-
systemic response to impaired auto regulation of cerebralness presenting to a rural hospital in India, vital signs do not
blood flow, and not Cushing'’s response, may account for hy- accurately distinguish between patients with brain lesion and
pertension at admission in stroke patients in our setting, asthose without. Patients with impaired consciousness need a
about one-third patients with stroke who present with hyper- detailed neurological evaluation, combined with relevant di-
tension on admission, are not aware of their blood pressureagnostic tests to help physicians identify the presence of brain
statug2]. lesions.

Our study had several strengths. Our patients represent a
typical rural Indian population. By including a wide spectrum
of patients with impaired consciousness, we avoided selec-
tion bias with respect to age, gender, disease severity and sub- .
types of patients. By including all patients with GCS score ~ M:P- acknowledges training support from the Fogarty
<14, we ensured an adequate spectrum of mild, moderate and\!PS International Training Program (D43-TW00003-14),
severely impaired consciousness in our study population. WeNational Institutes of Health, USA. This funding source had
used the cross sectional design, the ideal design for studied'© involvement whatsoever with the content of this paper.
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independently assigned ICD codes to the final diagnoses (theReferences
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