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Clinical relevance of routinely measured vital signs 
in hospitalized patients: a systematic review

SUBMITTED

MN Storm-Versloot 

L Verweij 

C Lucas 

J Ludikhuize 

JC Goslings 

DA Legemate 

H Vermeulen



ABSTRACT 
Context: Conflicting evidence exists on the effectiveness of routinely measured vital signs 

on the early detection of increased probability of adverse events.

Objective: To assess the clinical relevance of routinely measured vital signs in medically 

and surgically hospitalized patients through a systematic review.

Data sources: MEDLINE, EMBASE, CENTRAL, CINAHL, and MEDION were searched to 

October 2011.

Study selection: Prospective studies evaluating the clinical relevance of routine vital sign 

measurements (temperature, heart rate, blood pressure, oxygen saturation and respiratory 

rate) of hospitalized patients, in relation to mortality, septic or circulatory shock, ICU 

admission, bleeding, reoperation or infection.

Data extraction: Using structured forms, two reviewers independently extracted data and 

assessed the potential for bias. From each study, 2x2 tables were constructed to calculate 

Likelihood Ratios and predictive values, including 95% confidence intervals. If reported, 

area under the curve (AUC) data was also extracted.

Data synthesis: Of 13,806 citations, 14 studies were eligible, totaling 4972 participants. 

Studies were performed in medical (6), surgical (4), or the combined patient population (4). 

Only three studies were relatively free from potential bias. For temperature, the positive LR 

(LR+) ranged from 0 to 9.88 (median 1.78; 9 studies); heart rate 0.82 to 6.79 (median 1.51; 

5 studies); blood pressure 0.72 to 4.7 (median 2.97; 4 studies); oxygen saturation 1.96 (1 

study); and respiratory rate 1.27 to 1.89 (3 studies). Overall, three studies reported AUC 

data, ranging from 59 to 76. Two studies reported on combined vital signs, in which one 

study found a LR+ of 47.0, but in the other the AUC was not influenced.

Conclusion: Some discriminative LR+ were found, suggesting the clinical relevance of 

routine vital sign measurements. However, the subject is poorly studied, and many studies 

have methodological flaws. Further rigorous research is needed on the value of routinely 

measuring vital signs in order to detect adverse events early. 
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CONTEXT
Doctors and nurses have traditionally been taught that routine monitoring of vital signs is 

an important way of measuring physiological functioning and determining the probability 

of clinical deterioration and adverse events.1,2 Instructions to monitor vital signs are widely 

found in textbooks, in clinical teaching and on ward rounds during which patients’ vital 

signs charts on are studied and discussed. Although routine monitoring is daily practice in 

hospitals, its diagnostic effectiveness has been a point of debate for many years. 

Many older studies conclude that measuring vital signs is useful. This is in direct contrast 

with more recent studies which question the relevance of routine measurements. Older 

studies suggest that changes in vital signs occur hours prior to adverse events and clinical 

deterioration.3-5 On the other hand some newer studies have come to the conclusion that 

changes in vital signs either do not occur or do not occur early enough to determine the 

probability of adverse events in general hospital patients.6-8 

The prevention and early detection of clinical deterioration and adverse events is 

currently a major topic in quality assurance programs. Worldwide several governmental 

institutes have developed guidelines on the identification of acutely ill medical patients 

which recommend the use of early warning scores or related systems, in which vital sign 

measurements are combined in an overall score.9,10 Implementation of these guidelines has 

led to a substantial increase in the measuring of vital signs. Recent literature has mainly 

focused on the accuracy of these early warning models which provide clinicians a tool for 

severity assessment.11,12 Knowledge of the positive likelihood ratio (LR+) for the different 

thresholds of each vital sign within these models is important in order to interpret them.

OBJECTIVE
This systematic review was initiated to identify and summarize those studies that have 

examined the clinical relevance of each routinely measured vital sign in detecting adverse 

events (mortality, septic shock, circulatory shock, admission to ICU, bleeding, reoperation 

and infection) in medically and surgically hospitalized patients.

METHODS

Data sources

Search strategy

Systematic and comprehensive searches were developed with a clinical librarian. The 

electronic databases MEDLINE, EMBASE, CENTRAL, CINAHL, and MEDION were searched 

up to October 2011. Search terms and strategies for each database are described in 

Appendix A.
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In addition to these searches one author (JL) contacted experts in the field to identify 

relevant ongoing publications. However, we did not search abstract books of conference 

proceedings. 

Study selection

We performed a three-phase selection process. The search identified 13,806 citations of 

potential relevance. In the first phase two reviewers (LV, MNSV) independently checked 

a 25% random sample of the abstracts of these references with broad inclusion criteria 

(Appendix B). If there was disagreement the abstracts were discussed. As agreement was 

more than 95%, one reviewer (MNSV) continued with the remaining abstracts.

Two reviewers (JL, HV) independently performed a second selection of the remaining 

442 abstracts with narrower inclusion criteria for mortality, septic shock, circulatory shock, 

admission to ICU, bleeding, reoperation and infection outcomes. It also had to be possible 

to create 2x2 tables from data reported in the abstract. Any disagreement was resolved 

through discussion. 

The overall selection revealed 52 potentially relevant studies for which the full text 

was independently read in the third phase by LV and MNSV, who created 2x2 tables of 

extracted data as a final inclusion criterion. In cases of disagreement, the final decision 

regarding inclusion was made by a third reviewer (HV).

Criteria for inclusion

Types of studies: Any prospective study which evaluated routine measurements of vital 

signs in an original hospitalized patient series, had been published as full text and written in 

English, French, German, Dutch or Spanish. If a number of studies had been published on 

the same series, the most complete study on outcomes was used. 

Types of participants: Surgical and medical patients aged over 18 and admitted to general 

hospital wards. Patients admitted to specialized wards, such as intensive care unit, cardiac 

care unit, neurology and cardiology were excluded, as were patients only measuring vital 

signs within the first 24 hours after admission for medical treatment or surgical intervention.

Types of interventions: Studies measuring vital signs (temperature, heart rate, blood 

pressure, oxygen saturation and respiratory rate) on a routine basis. The vital signs had 

to be compared to a reference standard, which could be a single test or a combination of 

different tests or could be defined as the presence or absence of an adverse event.13 

Types of outcome measures: Adverse events of interest were mortality, septic or circulatory 

shock, admission to ICU, bleeding, reoperation or infection. Information on vital signs 

in relation to adverse events had to be reported as sensitivity (Sens), specificity (Spec), 

predictive values, likelihood-ratios (LR), area under the curve (AUC); alternatively the 2x2 

table could be calculated from information given in the report. These clinical relevance 

parameters reflect the increased probability of having outcomes of interest.
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Data extraction 

Two reviewers (LV, MNSV) independently extracted data using a data extraction sheet. 

To describe the included studies in sufficient detail and to identify clinical heterogeneity, 

we extracted the following data: study characteristics (study design, year of publication, 

specialism and country of origin); patient demographics (age, gender, type of disease, 

reason for admission and co-morbidity); vital sign measurements (frequencies, threshold 

used, moment of measurement); adverse events, with their definition and prevalence 

(mortality, septic or circulatory shock, admission to ICU, bleeding, reoperation and 

infection); reference tests; and the above-mentioned types of outcome measures or raw 

study data to calculate clinical relevance parameters. 

Quality assessment

A valid checklist for prognostic studies has been lacking until now, however six domains with 

potentially useful criteria are described by Hayden et al. and Minne et al.14,15 Two of these 

domains are relevant to our study and are congruent with four relevant quality items of the 

Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool (Appendix C).16 These 

four criteria comprise a defined representative patient spectrum, a defined outcome such as 

presence or absence of an adverse event, independent measurements, and blind outcome 

assessment. The methodological quality was assessed independently by two reviewers (LV, 

MNSV) and is summarized in Table 1.

Analysis

From each study 2x2 tables were extracted for each routinely measured vital sign and 

for each threshold, in order to calculate clinical relevance parameters: sensitivity (Sens), 

specificity (Spec), positive predictive value (PPV), negative predictive value (NPV), positive 

likelihood-ratio (LR+) and negative likelihood-ratio (LR-). Additionally, a 95% confidence 

interval (95% CI) was calculated for each. The AUC data was extracted from studies when 

it was reported. 

RESULTS

Characteristics of included studies

Fourteen studies4,6,7,17-27 met the inclusion criteria (Figure 1). All were published between 

1986 and 2010, with a total of 4972 participants. Details are summarized in Table 2. 

Data synthesis

Studies were too heterogeneous to pool data. Therefore the results are presented as clinical 

relevance parameters according to each vital sign in relation to the outcomes of interest.
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Table 1: Quality assessment

Author Spectruma Outcomeb Independentc Blindedd

Chalmers19 Yes Yes No No

Hoogewerf22 Yes Yes No No

Kline23 Yes Yes No No

Conen6 Yes Yes Yes No

Lighthall24 Yes Yes Yes Yes

Arnell17 Yes Yes No No

Gomez20 Yes Yes Unknown Unknown

Gonen21 Yes Yes No No

Mato26 Yes Yes Yes Yes

Mato27 Yes Yes Yes No

Barbier18 Yes Yes No No

Payman4 Yes Yes No No

Vermeulen7 Yes Yes Yes Yes

Madan25 Yes Yes No No

a. Is there a defined representative patient spectrum 
b. Is there a defined outcome such as presence or absence of adverse event 
c. Are reported measurements independently measured from reference test (outcome)
d. Are reported measurements influenced by knowledge of the outcome

Figure 1: Flow chart 

First selection:
11311 titles and abstracts screened for 

relevance

Second selection:
442 abstracts screened for potential to 

create clinical relevance values

Third selection:
52 full text

14 included for analysis

10869 excluded:
No routine measurements
No vital signs measured
Missing outcomes

390 excluded:
Missing clinical relevance values

Pubmed to September 2011
3612

Embase to September 2011
4507

Central to September 2011
3957

Cinahl to September 2011
1730

Medion to September 2011
0

2495 duplicates

13806 citations

38 excluded: 
No possibility of data-extraction N=21
No routine measurements N=11
Retrospective / review N=5
Not inhospital N=1
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Clinical relevance parameters of vital signs 

Temperature (Table 3)

Nine studies4,7,18,20-22,25-27 reported on temperature, for which the most common outcomes 

were infection or septic shock. LR+ ranged from 0 to 9.88 (median 1.78). The highest LR+ 

was found for reoperation outcomes, with a threshold of >38.6°C. The accompanying PPV 

increased from 3.3% to 25%.25 The lowest LR+ was found in the primary diagnostic design 

study7 for infection outcomes with a threshold ≥39°C. The accompanying PPV decreased 

from 6.7% to 0%. One study26 reported AUC data, which ranged from 59 to 61.

There were no distinctive differences between medical and surgical study populations. 

Heart rate (Table 4)

Five studies17,20,22,25,26 reported on heart rate, for which the most common outcome was 

ICU admission. LR+ ranged from 0.79 to 6.79 (median 1.51). The highest LR+ was found for 

ICU-admission outcomes, with a threshold ≥100 bpm17. The accompanying PPV increased 

from 6.9% to 33%. It was notable that using the same threshold, a LR+ of 0.82 was found 

for reoperation outcomes.25 One study26 reported AUC data, which ranged from 64 to 71, 

dependent on which threshold was used. 

One study25 reported on a surgical population. There were no distinctive differences 

between medical, surgical and unknown study populations. 

Blood pressure (Table 5)

Four studies6,19,20,22 reported on blood pressure, in which outcomes were mortality and 

ICU admission. LR+ ranged from 0.72 to 4.70 (median 2.97). The highest LR+ was found 

for ICU admissions, with a threshold for systolic blood pressure of <90 mmHg.19 The 

accompanying PPV increased from 10.2% to 35%. The same study19 reported AUC data, 

which ranged from 59 to 70. It was notable that a difference of 20 mmHg from baseline 

systolic blood pressure showed a LR+ of 0.72.6 

No study specifically reported on a surgical population. There were no distinctive 

differences between medical and combined study populations.

Peripheral oxygen saturation

One study23 reported on oxygen saturation, for which a combined outcome was measured. 

LR+ was 1.96 (95%CI: 1.42 to 2.69) for the threshold of <95% SpO2. The accompanying 

PPV was 43%, but pre-test probability of outcome was unknown.

Respiratory rate (Table 6)

Three studies20,22,26 reported on respiratory rate, with different outcomes. LR+ ranged 

from 1.27 to 1.89. The highest LR+ was found for ICU admission, with a threshold of >24/

min.20 The accompanying PPV increased from 40.1% to 43%. One study26 reported an 

AUC of 59.

No study specifically reported on a surgical population.
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Table 2: Characteristics of included studies

Author Year Country Outcome Vital signs Threshold vital signs Mean age N Male Specialism Reason for admission

Chalmers19 2008 UK mortality, ICU admission BP yes 66 range 50-78 1007 500 Medical community acquired pneumonia

Hoogewerf22 2006 Netherlands mortality, ICU admissiona T, HR, BP, RR yes I 67.9, C 69.2 260 180 Medical community acquired pneumonia

Kline23 2006 USA mortality, ICU admission
circ shocka

SpO2 yes 53 SD 17 200 86 Combined pulmonary embolism

Conen6 2006 Switzerland ICU admission, bleeding,
infectiona

BP yes 64 SD 17 639 322 Combined all cause

Lighthall24 2009 USA mortality, ICU admission
mortality, ICU admission, 
cardiopulmonary arresta

HR, BP, RR, 
SpO2b

yes 66 SD 17.5 1089 >96% Combined all cause

Arnell17 1996 USA ICU admission HR yes 37 range 17-83 102 12 Combined gallstone pancreatitis

Gomez20 2006 Argentina ICU admission T, HR, BP, RR yes 48 range 16-83 167 NA Medical neutropenia with fever

Gonen21 2008 Turkey septic shock T yes I 47, C 46.5 SD 19.3, SD 14.8 61 NA Medical kidney stones

Mato26 2009 USA septic shock T, HR, RRc yes I 54, C 51 547 NA Medical hematologic malignancies

Mato27 2010 USA septic shock T, HR, RR yes I 54, C 51 230 126 Medical hematologic malignancies

Barbier18 1986 France infection T yes 63.5 range 40-80 100 35 Surgical hip arthroplasty

Payman4 1989 UK infection T yes 56.9 SD 19.6 41 32 Surgical elective surgery

Vermeulen7 2005 Netherlands infection T yes 55.3 SD 16.1 284 134 Surgical all elective surgery patients

Madan25 2007 USA reoperation T, HR yes 39 range 17-66 245 NA Surgical laparoscopic gastric bypass

T = temperature, HR = heart rate, BP = blood pressure, SpO2 = peripheral oxygen saturation, RR = respiratory 
rate; I = intervention group, C = comparison group, SD = standard deviation; NA = not applicable; a = combined 
outcomes, b = combined vital signs, c = single and combined vital signs

Table 3: Clinical relevance parameters of temperature in relation to defined outcomes

Author Specialism Threshold 
°C

N Outcome Prev 
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
 % (95% CI)

LR+
(95% CI)

LR- 
(95% CI)

AUC
% (95% CI)

Hoogewerf22 Medical <35 or >40 260 mortality, ICUb 30.8 14 (6 - 21) 87 (82 - 92) 31 (16 - 47) 69 (63 - 75) 1.03 (0.53 - 2.00) 1.0 (0.90 - 1.11) NA

Gomez20 Medical >39 167 ICU 40.1 28 (18 - 39) 77 (71 - 84) 33 (21 - 45) 73 (67 - 80) 1.24 (0.78 - 1.99) 0.93 (0.78 - 1.10) NA

Gonen21 Medical ≥38 61 septic shock 1.6 100 85 (76 - 94) 10 (0 - 29) 100 6.67 (3.65 - 12.18) 0.000 NA

Mato26 Medical <36 or >38 547 septic shock 8.4 NA NA NA NA NA NA 61 (54 - 68)

Mato26 Medical ≥37.9 547 septic shock 8.4 NA NA NA NA NA NA 59 (53 - 65)

Mato27 Medical <36 or >38 547 septic shock 8.4 100 44 (39 - 48) 14 (10 - 18) 100 1.78 (1.65 - 1.92) 0.00 NA

Barbier18 Surgical ≥38 100 infection 3.0 100 8 (3 - 14) 3 (0 - 7) 100 1.09 (1.03 - 1.16) 0.00 NA

Payman4 Surgical temp oral ≥37.4 41 infection 29.3 58 (30 - 86) 72 (56 - 89) 47 (21 - 72) 81 (66 - 96) 2.12 (0.99 - 4.52) 0.58 (0.28 - 1.17) NA

Payman4 Surgical temp aural ≥37.8 41 infection 29.3 58 (30 - 86) 69 (52 - 86) 44 (19 - 68) 80 (64 - 96) 1.88 (0.91 - 3.87) 0.60 (0.30 - 1.23) NA

Vermeulen7 Surgical 1 sign ≥38 284 infection 6.7 37 (15 - 59) 80 (75 - 85) 12 (4 - 20) 95 (92 - 98) 1.81 (0.96 - 3.41) 0.79 (0.56 - 1.12) NA

Vermeulen7 Surgical ≥38.5 284 infection 6.7 5 (0 - 15) 93 (90 - 96) 5 (0 - 15) 93 (90 - 96) 0.73 (0.10 - 5.19) 1.02 (0.91 - 1.14) NA

Vermeulen7 Surgical ≥39 284 infection 6.7 0 98 (97 -100) 0 93 (90 - 96) 0.00 1.02 (1.00 - 1.04) NA

Vermeulen7 Surgical 2 signs ≥38.0 284 infection 6.7 11 (0 - 24) 92 (88 - 95) 8 (0 - 19) 94 (91 - 97) 1.27 (0.32 - 4.99) 0.98 (0.83 - 1.14) NA

Vermeulen7 Surgical all signs ≥38.0 2282a infection 6.7 6 (3 - 9) 92 (91 - 94) 8 (4 - 12) 90 (89 - 91) 0.81 (0.48 - 1.38) 1.02 (0.98 - 1.05) NA

Vermeulen7 Surgical ≥38.5 2282a infection 6.7 0 (0 - 1) 98 (98 - 99) 3 (0 - 7) 90 (89 - 91) 0.23 (0.03 - 1.69) 1.02 (1.00 - 1.03) NA

Vermeulen7 Surgical ≥39.0 2282a infection 6.7 0 100 0 90 (89 - 91) 0.00 1.00 NA

Madan25 Surgical >38.6 245 reoperation 3.3 25 (0 - 55) 98 (96 - 100) 25 (0 - 55) 98 (96 - 100) 9.88 (2.05 - 41.6) 0.77 (0.52 - 1.15) NA

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve. CI = confidence 
interval, NA = not applicable; °C = body temperature in degrees Celsius; a Measurements, b combined outcome
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Table 2: Characteristics of included studies

Author Year Country Outcome Vital signs Threshold vital signs Mean age N Male Specialism Reason for admission

Chalmers19 2008 UK mortality, ICU admission BP yes 66 range 50-78 1007 500 Medical community acquired pneumonia

Hoogewerf22 2006 Netherlands mortality, ICU admissiona T, HR, BP, RR yes I 67.9, C 69.2 260 180 Medical community acquired pneumonia

Kline23 2006 USA mortality, ICU admission
circ shocka

SpO2 yes 53 SD 17 200 86 Combined pulmonary embolism

Conen6 2006 Switzerland ICU admission, bleeding,
infectiona

BP yes 64 SD 17 639 322 Combined all cause

Lighthall24 2009 USA mortality, ICU admission
mortality, ICU admission, 
cardiopulmonary arresta

HR, BP, RR, 
SpO2b

yes 66 SD 17.5 1089 >96% Combined all cause

Arnell17 1996 USA ICU admission HR yes 37 range 17-83 102 12 Combined gallstone pancreatitis

Gomez20 2006 Argentina ICU admission T, HR, BP, RR yes 48 range 16-83 167 NA Medical neutropenia with fever

Gonen21 2008 Turkey septic shock T yes I 47, C 46.5 SD 19.3, SD 14.8 61 NA Medical kidney stones

Mato26 2009 USA septic shock T, HR, RRc yes I 54, C 51 547 NA Medical hematologic malignancies

Mato27 2010 USA septic shock T, HR, RR yes I 54, C 51 230 126 Medical hematologic malignancies

Barbier18 1986 France infection T yes 63.5 range 40-80 100 35 Surgical hip arthroplasty

Payman4 1989 UK infection T yes 56.9 SD 19.6 41 32 Surgical elective surgery

Vermeulen7 2005 Netherlands infection T yes 55.3 SD 16.1 284 134 Surgical all elective surgery patients

Madan25 2007 USA reoperation T, HR yes 39 range 17-66 245 NA Surgical laparoscopic gastric bypass

T = temperature, HR = heart rate, BP = blood pressure, SpO2 = peripheral oxygen saturation, RR = respiratory 
rate; I = intervention group, C = comparison group, SD = standard deviation; NA = not applicable; a = combined 
outcomes, b = combined vital signs, c = single and combined vital signs

Table 3: Clinical relevance parameters of temperature in relation to defined outcomes

Author Specialism Threshold 
°C

N Outcome Prev 
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
 % (95% CI)

LR+
(95% CI)

LR- 
(95% CI)

AUC
% (95% CI)

Hoogewerf22 Medical <35 or >40 260 mortality, ICUb 30.8 14 (6 - 21) 87 (82 - 92) 31 (16 - 47) 69 (63 - 75) 1.03 (0.53 - 2.00) 1.0 (0.90 - 1.11) NA

Gomez20 Medical >39 167 ICU 40.1 28 (18 - 39) 77 (71 - 84) 33 (21 - 45) 73 (67 - 80) 1.24 (0.78 - 1.99) 0.93 (0.78 - 1.10) NA

Gonen21 Medical ≥38 61 septic shock 1.6 100 85 (76 - 94) 10 (0 - 29) 100 6.67 (3.65 - 12.18) 0.000 NA

Mato26 Medical <36 or >38 547 septic shock 8.4 NA NA NA NA NA NA 61 (54 - 68)

Mato26 Medical ≥37.9 547 septic shock 8.4 NA NA NA NA NA NA 59 (53 - 65)

Mato27 Medical <36 or >38 547 septic shock 8.4 100 44 (39 - 48) 14 (10 - 18) 100 1.78 (1.65 - 1.92) 0.00 NA

Barbier18 Surgical ≥38 100 infection 3.0 100 8 (3 - 14) 3 (0 - 7) 100 1.09 (1.03 - 1.16) 0.00 NA

Payman4 Surgical temp oral ≥37.4 41 infection 29.3 58 (30 - 86) 72 (56 - 89) 47 (21 - 72) 81 (66 - 96) 2.12 (0.99 - 4.52) 0.58 (0.28 - 1.17) NA

Payman4 Surgical temp aural ≥37.8 41 infection 29.3 58 (30 - 86) 69 (52 - 86) 44 (19 - 68) 80 (64 - 96) 1.88 (0.91 - 3.87) 0.60 (0.30 - 1.23) NA

Vermeulen7 Surgical 1 sign ≥38 284 infection 6.7 37 (15 - 59) 80 (75 - 85) 12 (4 - 20) 95 (92 - 98) 1.81 (0.96 - 3.41) 0.79 (0.56 - 1.12) NA

Vermeulen7 Surgical ≥38.5 284 infection 6.7 5 (0 - 15) 93 (90 - 96) 5 (0 - 15) 93 (90 - 96) 0.73 (0.10 - 5.19) 1.02 (0.91 - 1.14) NA

Vermeulen7 Surgical ≥39 284 infection 6.7 0 98 (97 -100) 0 93 (90 - 96) 0.00 1.02 (1.00 - 1.04) NA

Vermeulen7 Surgical 2 signs ≥38.0 284 infection 6.7 11 (0 - 24) 92 (88 - 95) 8 (0 - 19) 94 (91 - 97) 1.27 (0.32 - 4.99) 0.98 (0.83 - 1.14) NA

Vermeulen7 Surgical all signs ≥38.0 2282a infection 6.7 6 (3 - 9) 92 (91 - 94) 8 (4 - 12) 90 (89 - 91) 0.81 (0.48 - 1.38) 1.02 (0.98 - 1.05) NA

Vermeulen7 Surgical ≥38.5 2282a infection 6.7 0 (0 - 1) 98 (98 - 99) 3 (0 - 7) 90 (89 - 91) 0.23 (0.03 - 1.69) 1.02 (1.00 - 1.03) NA

Vermeulen7 Surgical ≥39.0 2282a infection 6.7 0 100 0 90 (89 - 91) 0.00 1.00 NA

Madan25 Surgical >38.6 245 reoperation 3.3 25 (0 - 55) 98 (96 - 100) 25 (0 - 55) 98 (96 - 100) 9.88 (2.05 - 41.6) 0.77 (0.52 - 1.15) NA

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve. CI = confidence 
interval, NA = not applicable; °C = body temperature in degrees Celsius; a Measurements, b combined outcome
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Table 4: Clinical relevance parameters of heart rate in relation to defined outcomes

Author Specialism Threshold 
bpm

N Outcome Prev
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

LR+
(95% CI)

LR-
(95% CI)

AUC
% (95% CI)

Hoogewerf22 Medical >125 260 mortality, ICUa 30.8 26 (17 - 36) 78 (72 - 84) 35 (23 - 47) 71 (64 - 77) 1.21 (0.76 - 1.92) 0.94 (0.81 - 1.10) NA

Arnell17 Combined ≥100 102 ICU 6.9 86 (60 - 100) 87 (81 - 94) 33 (12 - 55) 99 (97 - 100) 6.79 (3.69 - 12.48) 0.16 (0.03 - 1.01) NA

Gomez20 Medical >120 167 ICU 40.1 27 (16 - 38) 81 (75 - 87) 35 (22 - 48) 74 (68 - 80) 1.81 (0.84 - 2.30) 0.79 (0.77 - 1.07) NA

Mato26 Medical >90 547 septic shock 8.4 NA NA NA NA NA NA 64 (57 - 71)

Mato26 Medical ≥99 547 septic shock 8.4 NA NA NA NA NA NA 71 (63 - 78)

Madan25 Surgical >100 245 reoperation 3.3 13 (0- 35) 85 (80 - 89) 3 (0 - 8) 97 (94 - 99) 0.82 (0.13 - 5.28) 1.03 (0.79 - 1.35) NA

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve, CI = confidence 
interval, NA = not applicable; bpm = beats per minute; a combined outcomes 

Table 5: Clinical relevance parameters of blood pressure in relation to defined outcomes 

Author Specialism Threshold 
mmHg

N Outcome Prev
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

LR+
(95% CI)

LR-
(95% CI)

AUC
% (95% CI)

Chalmers19 Medical syst <90 1007 mortality 9.6 41 (31 - 51) 90 (88 - 92) 31 (23 - 38) 93 (92 - 95) 4.07 (3.00 - 5.54) 0.66 (0.55 - 0.77) 70 (67- 74)

Chalmers19 Medical diast ≤60 1007 mortality 9.6 54 (44 - 64) 65 (62 - 68) 14 (10 - 18) 93 (91 - 95) 1.52 (1.24 - 1.87) 0.72 (0.58 - 0.89) 59 (56- 62)

Conen6 Combined syst >10a 639 mortality, 
ICU, bleeding, 

infectionb

19.1 41 (32 - 50) 59 (55 - 63) 18 (14 - 23) 81 (77 - 85) 0.99 (0.78 - 1.26) 1.01 (0.86 - 1.19) NA

Conen6 Combined syst >20a 639 mortality, 
ICU, bleeding, 

infectionb

19.1 10 (5 - 16) 86 (83 - 89) 14 (7 - 22) 81 (77 - 84) 0.72 (0.41 - 1.28) 1.05 (0.98 - 1.12) NA

Conen6 Combined diast >10a 639 mortality, 
ICU, bleeding, 

infectionb

19.1 24 (16 - 31) 76 (72 - 79) 18 (12 - 24) 81 (78 - 85) 0.97 (0.68 - 1.39) 1.01 (0.90 - 1.13) NA

Conen6 Combined diast >20a 639 mortality, 
ICU, bleeding, 

infectionb

19.1 5 (1 - 9) 95 (93 - 97) 19 (5 - 33) 82 (78 - 97) 1.05 (0.44 - 2.51) 1.0 (0.95 - 1.04) NA

Hoogewerf22 Medical syst <90 260 mortality, ICUb 30.8 4 (0 - 8) 98 (96 - 100) 43 (6 - 80) 70 (63 - 75) 1.69 (0.39 - 7.37) 0.98 (0.94 - 1.03) NA

Chalmers19 Medical syst <90 1007 ICU 10.2 45 (35 - 54) 91 (89 - 92) 35 (27 - 43) 93 (92 - 95) 4.70 (3.50 - 6.30) 0.61 (0.51 - 0.73) 70 (67- 73)

Chalmers19 Medical diast ≤60 1007 ICU 10.2 65 (56 - 74) 66 (63 - 69) 18 (14 - 22) 94 (93 - 96) 1.93 (1.62 - 2.27) 0.52 (0.40 - 0.69) 68 (65- 72)

Gomez20 Medical syst <90 167 ICU 40.1 22 (12 - 32) 95 (91 - 98) 63 (43 - 82) 76 (70 - 81) 4.25 (1.96 - 9.25) 0.82 (0.72 - 0.94) NA

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve, CI = confidence 
interval, NA = not applicable; mmHg = blood pressure in millimeters mercury, adifference in mmHg from baseline 
blood pressure, bcombined outcomes 

Table 6: Clinical relevance parameters of respiratory rate in relation to defined outcomes 

Author Specialism Threshold 
/min

N Outcome Prev
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

LR+
(95% CI)

LR-
(95% CI)

AUC
% (95% CI)

Hoogewerf22 Medical >30 260 mortality, ICU a 30.8 39 (28 - 49) 69 (63 - 76) 36 (26 - 46) 72 (65 - 79) 1.27 (0.89 - 1.81) 0.88 (0.72 - 1.08) NA

Gomez20 Medical >24 167 ICU 40.1 25 (15 - 36) 87 (84 - 92) 43 (27 - 58) 75 (69 - 81) 1.89 (1.08 - 3.30) 0.86 (0.74 - 1.00) NA

Mato26 Medical >20 547 septic shock 8.4 NA NA NA NA NA NA 59 (53 - 65)

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve, CI = confidence 
interval, NA = not applicable; / min = respiratory rate per minute, a combined outcomes
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Table 4: Clinical relevance parameters of heart rate in relation to defined outcomes

Author Specialism Threshold 
bpm

N Outcome Prev
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

LR+
(95% CI)

LR-
(95% CI)

AUC
% (95% CI)

Hoogewerf22 Medical >125 260 mortality, ICUa 30.8 26 (17 - 36) 78 (72 - 84) 35 (23 - 47) 71 (64 - 77) 1.21 (0.76 - 1.92) 0.94 (0.81 - 1.10) NA

Arnell17 Combined ≥100 102 ICU 6.9 86 (60 - 100) 87 (81 - 94) 33 (12 - 55) 99 (97 - 100) 6.79 (3.69 - 12.48) 0.16 (0.03 - 1.01) NA

Gomez20 Medical >120 167 ICU 40.1 27 (16 - 38) 81 (75 - 87) 35 (22 - 48) 74 (68 - 80) 1.81 (0.84 - 2.30) 0.79 (0.77 - 1.07) NA

Mato26 Medical >90 547 septic shock 8.4 NA NA NA NA NA NA 64 (57 - 71)

Mato26 Medical ≥99 547 septic shock 8.4 NA NA NA NA NA NA 71 (63 - 78)

Madan25 Surgical >100 245 reoperation 3.3 13 (0- 35) 85 (80 - 89) 3 (0 - 8) 97 (94 - 99) 0.82 (0.13 - 5.28) 1.03 (0.79 - 1.35) NA

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve, CI = confidence 
interval, NA = not applicable; bpm = beats per minute; a combined outcomes 

Table 5: Clinical relevance parameters of blood pressure in relation to defined outcomes 

Author Specialism Threshold 
mmHg

N Outcome Prev
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

LR+
(95% CI)

LR-
(95% CI)

AUC
% (95% CI)

Chalmers19 Medical syst <90 1007 mortality 9.6 41 (31 - 51) 90 (88 - 92) 31 (23 - 38) 93 (92 - 95) 4.07 (3.00 - 5.54) 0.66 (0.55 - 0.77) 70 (67- 74)

Chalmers19 Medical diast ≤60 1007 mortality 9.6 54 (44 - 64) 65 (62 - 68) 14 (10 - 18) 93 (91 - 95) 1.52 (1.24 - 1.87) 0.72 (0.58 - 0.89) 59 (56- 62)

Conen6 Combined syst >10a 639 mortality, 
ICU, bleeding, 

infectionb

19.1 41 (32 - 50) 59 (55 - 63) 18 (14 - 23) 81 (77 - 85) 0.99 (0.78 - 1.26) 1.01 (0.86 - 1.19) NA

Conen6 Combined syst >20a 639 mortality, 
ICU, bleeding, 

infectionb

19.1 10 (5 - 16) 86 (83 - 89) 14 (7 - 22) 81 (77 - 84) 0.72 (0.41 - 1.28) 1.05 (0.98 - 1.12) NA

Conen6 Combined diast >10a 639 mortality, 
ICU, bleeding, 

infectionb

19.1 24 (16 - 31) 76 (72 - 79) 18 (12 - 24) 81 (78 - 85) 0.97 (0.68 - 1.39) 1.01 (0.90 - 1.13) NA

Conen6 Combined diast >20a 639 mortality, 
ICU, bleeding, 

infectionb

19.1 5 (1 - 9) 95 (93 - 97) 19 (5 - 33) 82 (78 - 97) 1.05 (0.44 - 2.51) 1.0 (0.95 - 1.04) NA

Hoogewerf22 Medical syst <90 260 mortality, ICUb 30.8 4 (0 - 8) 98 (96 - 100) 43 (6 - 80) 70 (63 - 75) 1.69 (0.39 - 7.37) 0.98 (0.94 - 1.03) NA

Chalmers19 Medical syst <90 1007 ICU 10.2 45 (35 - 54) 91 (89 - 92) 35 (27 - 43) 93 (92 - 95) 4.70 (3.50 - 6.30) 0.61 (0.51 - 0.73) 70 (67- 73)

Chalmers19 Medical diast ≤60 1007 ICU 10.2 65 (56 - 74) 66 (63 - 69) 18 (14 - 22) 94 (93 - 96) 1.93 (1.62 - 2.27) 0.52 (0.40 - 0.69) 68 (65- 72)

Gomez20 Medical syst <90 167 ICU 40.1 22 (12 - 32) 95 (91 - 98) 63 (43 - 82) 76 (70 - 81) 4.25 (1.96 - 9.25) 0.82 (0.72 - 0.94) NA

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve, CI = confidence 
interval, NA = not applicable; mmHg = blood pressure in millimeters mercury, adifference in mmHg from baseline 
blood pressure, bcombined outcomes 

Table 6: Clinical relevance parameters of respiratory rate in relation to defined outcomes 

Author Specialism Threshold 
/min

N Outcome Prev
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

LR+
(95% CI)

LR-
(95% CI)

AUC
% (95% CI)

Hoogewerf22 Medical >30 260 mortality, ICU a 30.8 39 (28 - 49) 69 (63 - 76) 36 (26 - 46) 72 (65 - 79) 1.27 (0.89 - 1.81) 0.88 (0.72 - 1.08) NA

Gomez20 Medical >24 167 ICU 40.1 25 (15 - 36) 87 (84 - 92) 43 (27 - 58) 75 (69 - 81) 1.89 (1.08 - 3.30) 0.86 (0.74 - 1.00) NA

Mato26 Medical >20 547 septic shock 8.4 NA NA NA NA NA NA 59 (53 - 65)

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve, CI = confidence 
interval, NA = not applicable; / min = respiratory rate per minute, a combined outcomes
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Single and combinations of deteriorated vital signs (Table 7)

One study24 reported on abnormal single or combinations of vital signs, with outcomes of 

a combination of mortality and admission to the ICU. For one abnormal sign, LR+ ranged 

from 4.28 to 6.91. For two abnormal signs, LR+ ranged from 18.10 to 47.00. It was notable 

that although the accompanying PPV was increasing, the Sens was decreasing. In other 

words, of those patients who had an adverse event, 28% had two abnormal signs. 

Two studies26,27 reported on the relationship between multiple combinations of 

deteriorated temperature, heart rate, respiratory rate and septic shock. The AUC ranged 

from 66 to 76. There was no difference in discriminating power between two and three 

deteriorated vital signs. 

No study specifically reported on a surgical population.

Table 7: Clinical relevance parameters of combined vital signs in relation to defined outcomes 

Author Specialism Threshold N Outcome Prev
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

LR+
(95% CI)

LR-
(95% CI)

AUC% 
(95% CI)

Lighthall24 Combined one abnormal sign† 1089 mortality, ICU
cardiac arresta

7.6 72 (61 - 81) 89 (87 - 91) 35 (28 - 42) 97 (96 - 98) 6.61 (5.30 - 8.24) 0.31 (0.22 - 0.44) NA

Lighthall24 Combined one abnormal sign† 1089 mortality 30 days 4.2 59 (43 - 73) 86 (84 - 88) 16 (11 - 22) 98 (97 - 99) 4.28 (3.22 - 5.70) 0.48 (0.34 - 0.68) NA

Lighthall24 Combined one abnormal sign† 1089 ICU 3.5 89 (75 - 97) 87 (85 - 89) 20 (14 - 27) 99 (98 -100) 6.91 (5.71 - 8.37) 0.12 (0.05 - 0.31) NA

Lighthall24 Combined ≥ two abnormal signs† 1089 mortality, ICU, 
cardiac arresta

7.6 28 (18 - 39) 99 (99 - 99) 78 (57 - 91) NA 47.00 NA NA

Lighthall24 Combined ≥ two abnormal signs† 1089 mortality 30 days 4.2 26 (14 - 41) 99 (97 - 99) 44 (25 - 65) NA 18.10 NA NA

Lighthall24 Combined ≥ two abnormal signs† 1089 ICU 3.5 37 (22 - 54) 99 (98 - 99) 52 (32 - 71) NA 29.80 NA NA

Mato26 Medical temp °C <36 or >38
HR bpm >90
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 73 (64 - 80)

Mato26 Medical HR bpm >90
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 75 (67 - 82)

Mato26 Medical temp °C <36 or >38
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 68 (60 - 75)

Mato26 Medical temp °C ≥37,9
HR bpm ≥99
RR / min >20 

547 septic shock 8.4 NA NA NA NA NA NA 76 (68 - 84)

Mato26 Medical HR bpm ≥99
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 74 (66 - 81)

Mato26 Medical temp °C ≥37,9
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 66 (59 - 73)

Mato27 Medical HR bpm >90
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 68 (61 - 77)

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve, CI = confidence 
interval, NA = not applicable. temp °C = body temperature in degrees Celsius, HR bpm = heart rate in beats 
per minute, BP mmHg = blood pressure in millimeters mercury, SpO2 % = peripheral oxygen saturation in 
percentage, RR / min = respiratory rate per minute. † HR bpm <40 or >110, systolic BP mmHg <90, SpO2 % <90, 
RR / min <8 or >26. a combined outcomes

72

Chapter 5



DISCUSSION
Measurement of vital signs is a widely used and accepted routine in hospitalized patients. 

However, our review reveals that this common practice is poorly studied. Only 13 

observational and one diagnostic study were identified, from which only mediocre evidence 

could be drawn on clinical relevance underpinning this daily practice, especially as most 

studies were designed for purposes other than our primary study objective and were thus 

not free of potential bias. In general all LR+ were low, but some interesting discriminative 

LR+ for single or combined vital signs were found. 

This is illustrated by the study of Chalmers et al.19 They reported a promising 

discriminative LR+ of 4.07 for the single vital sign systolic blood pressure <90 mmHg. 
The pre-test probability of 10% rose to a post-test probability of 31%, a change of 21%. 

However, even when vital signs deviate from the normal value and a relative discriminative 

LR+ is found, post-test probability remains rather low and the additional value to the 

clinician is doubtful. 

Mato et al.26 reported on combined vital signs (temperature, heart rate and respiratory 

rate). The AUC ranged from 66 to 76, which was slightly higher than their reports of single 

Table 7: Clinical relevance parameters of combined vital signs in relation to defined outcomes 

Author Specialism Threshold N Outcome Prev
%

Sens 
% (95% CI)

Spec
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

LR+
(95% CI)

LR-
(95% CI)

AUC% 
(95% CI)

Lighthall24 Combined one abnormal sign† 1089 mortality, ICU
cardiac arresta

7.6 72 (61 - 81) 89 (87 - 91) 35 (28 - 42) 97 (96 - 98) 6.61 (5.30 - 8.24) 0.31 (0.22 - 0.44) NA

Lighthall24 Combined one abnormal sign† 1089 mortality 30 days 4.2 59 (43 - 73) 86 (84 - 88) 16 (11 - 22) 98 (97 - 99) 4.28 (3.22 - 5.70) 0.48 (0.34 - 0.68) NA

Lighthall24 Combined one abnormal sign† 1089 ICU 3.5 89 (75 - 97) 87 (85 - 89) 20 (14 - 27) 99 (98 -100) 6.91 (5.71 - 8.37) 0.12 (0.05 - 0.31) NA

Lighthall24 Combined ≥ two abnormal signs† 1089 mortality, ICU, 
cardiac arresta

7.6 28 (18 - 39) 99 (99 - 99) 78 (57 - 91) NA 47.00 NA NA

Lighthall24 Combined ≥ two abnormal signs† 1089 mortality 30 days 4.2 26 (14 - 41) 99 (97 - 99) 44 (25 - 65) NA 18.10 NA NA

Lighthall24 Combined ≥ two abnormal signs† 1089 ICU 3.5 37 (22 - 54) 99 (98 - 99) 52 (32 - 71) NA 29.80 NA NA

Mato26 Medical temp °C <36 or >38
HR bpm >90
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 73 (64 - 80)

Mato26 Medical HR bpm >90
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 75 (67 - 82)

Mato26 Medical temp °C <36 or >38
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 68 (60 - 75)

Mato26 Medical temp °C ≥37,9
HR bpm ≥99
RR / min >20 

547 septic shock 8.4 NA NA NA NA NA NA 76 (68 - 84)

Mato26 Medical HR bpm ≥99
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 74 (66 - 81)

Mato26 Medical temp °C ≥37,9
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 66 (59 - 73)

Mato27 Medical HR bpm >90
RR / min >20

547 septic shock 8.4 NA NA NA NA NA NA 68 (61 - 77)

Prev = prevalence, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive 
value, LR+ = positive likelihood ratio, LR- = negative likelihood ratio, AUC = area under the curve, CI = confidence 
interval, NA = not applicable. temp °C = body temperature in degrees Celsius, HR bpm = heart rate in beats 
per minute, BP mmHg = blood pressure in millimeters mercury, SpO2 % = peripheral oxygen saturation in 
percentage, RR / min = respiratory rate per minute. † HR bpm <40 or >110, systolic BP mmHg <90, SpO2 % <90, 
RR / min <8 or >26. a combined outcomes
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vital signs (AUC range 59 to 71). Lighthall et al.24 showed that when two or more abnormal 

vital signs were present simultaneously, a remarkably high LR+ of 47 was accompanied by 

a PPV of 78%. However, there is a high proportion of false negative rates, e.g. of patients 

having an adverse event, only 28% had two or more abnormal vital signs. 

As well as the poor post-test probabilities and false negative rates, it is worth discussing 

the thresholds used and generalizability. The clinical relevance of discriminative LRs found in 

some of the studies included are questionable, as thresholds of vital signs used are extreme; 

systolic blood pressure <90 mmHg,19,20,22,24 oxygen saturation <90%,24 and respiratory rate 

<8 or ≥26/min.24 Patients with these extremes generally have easily identifiable clinical signs 

of deterioration for doctors and nurses with trained assessment skills or clinical judgment. 

Furthermore, in the study of Goldhill et al.,28 which was conducted in patients seen by an 

intensive care outreach service, similar discriminative LR+ were found when using the same 

extreme thresholds of vital signs. They also reported on less extreme thresholds, showing 

that differences between pre-test and post-test probability vanished.

For daily practice it is important to differentiate between thresholds. In our review, only 

two studies provided results for different thresholds.7,26 Mato et al.26 used thresholds for 

heart rate >90/min or ≥99/min, with no significant differences in the AUC. Vermeulen et 

al.7 conducted a diagnostic study and reported on different thresholds of body temperature 

measurement (BTM) in relation to infection. Results show that BTM is of limited value in 

the early detection or exclusion of an infection, and the false negative rate was rather high. 

The clinical relevance or generalizability of some studies can be questioned, since 

specific groups of patients (e.g. community acquired pneumonia,19,22 and neutropenia 

with fever20) with high pre-test probability of mortality and ICU admission were studied. 

Although Chalmers et al.19 found some moderate differences from pre-test to post-test, 

two other studies found none.20,22 The same contradiction can be seen in excluded 

studies for this review: Goldhill et al.28 show that in patients seen by an intensive care 

outreach service, an increasing number of deviating vital signs was associated with higher 

hospital mortality. In contrast, Pedersen et al.29 found that early detection of hypoxemia in 

perioperative patients did not reduce either transfer to ICU or mortality. Thus, results are 

contradicting and can be due to differences in pre-test probability.

Our review demonstrates that there is still a lack of well-designed diagnostic and large 

observational studies specifically intended to investigate the clinical relevance of routine 

measurements for patients admitted to general hospital wards. Also the definitions of 

‘routine measurements’ or ‘non-routine measurements’ are open for debate. This is in line 

with findings from other literature reviews of vital sign measurements, which conclude that 

there is a lack of explicit knowledge based on quantitative research.1,29,30 This suggests 

that much of the current practice of routinely measuring vital signs in general hospitalized 

patients (as well as the accuracy, frequency, and usefulness for detecting clinically relevant 

outcomes) is based on tradition and not yet on evidence from research.
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Despite the lack of evidence, the monitoring of vital signs, or models mainly based on vital 

signs, currently receives a great deal of attention as part of quality and safety programs such 

as ‘The Survival Sepsis Campaign’ and campaigns to detect critically ill patients.31,32 Although 

observational studies show a relationship between outcomes and the number of patients 

with deviated vital signs, diagnostic studies can reveal the predictive value of vital signs. 

CONCLUSION
In this review some discriminative positive likelihood ratios were found, suggesting the 

clinical relevance of routine vital sign measurements. However, these results must be 

interpreted with caution as the number of studies is limited, patient groups studied 

varied largely as to pre-test probability for adverse events, and almost all studies have 

methodological flaws. The daily routine of measuring vital signs in hospitalized patients 

can therefore still be questioned. We challenge researchers in the field of vital signs and 

early warning scores to consider designing and performing diagnostic studies. With the 

present-day popularity of models predicting patients’ adverse events and critical illness, it 

is important to develop further evidence of the contribution of each routinely measured 

vital sign. 
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APPENDIX A

Search strategies 

PUBMED (Medline)
((((((blood pressure[mh] OR blood pressure determination[mh] OR blood pressure[tiab] 

OR pulse pressure[tiab] OR systolic pressure[tiab] OR diastolic pressure[tiab] OR 

body temperature[mh] OR body temperature*[tiab] OR organ temperature*[tiab] OR 

temperature[tiab] OR respiration[mh] OR respiratory rate*[tiab] OR respiratory[tiab] 

OR respiratory rate[mh] OR heart rate[mh] OR heart rate*[tiab] OR pulse rate*[tiab] OR 

pulse[tiab] OR cardiac rate*[tiab] OR heart frequency[tiab] OR cardiac frequency[tiab] 

OR vital signs[majr] OR vital sign*[tiab] OR Oximetry[mh] OR oxygen saturation[tiab] 

OR oximetr*[tiab]) AND (Hospitalization[mh] OR Hospital[mh] OR hospitalized[tiab] 

OR hospitalised patient*[tiab] OR hospitalization[tiab] OR hospitalisation[tiab] OR 

“Inpatients”[Mesh] OR inpatients[tiab] OR inpatient[tiab] OR postoperative[tiab] OR 

perioperative[tiab] OR “Perioperative Care”[Mesh]) AND (routine*[tw] OR ritual*[tw] 

OR diagnostic tests, routine[mh] OR “Monitoring, Physiologic”[Mesh] OR physiologic 

monitoring[tiab] OR continuous monitoring[tiab]))) NOT (Intraoperative care[mh] NOT 

Postoperative care[mh]))) NOT ((adolescent[mh] OR child[mh] OR infant[mh]) NOT 

(adult[mh])))

EMBASE (Ovid) 
1. blood pressure/

2. exp blood pressure measurement/

3. (blood pressure or pulse pressure or systolic pressure or diastolic pressure).ti,ab.

4. exp body temperature/

5. (body temperature* or organ temperature* or temperature or respiratory rate* or 

respiratory).ti,ab.

6.  exp breathing/

7.  breathing rate/

8.  heart rate/

9.  (heart rate* or pulse rate* or pulse or cardiac rate* or heart frequency or cardiac 

frequency).ti,ab.

10.  *vital sign/

11.  vital sign*.ti,ab.

12.  exp oximetry/

13.  (oxygen saturation or oximetr*).ti,ab.
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14.  1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13

15.  hospitalization/

16.  exp hospital/

17.  (hospital* adj patient*).tw.

18.  (hospitalized patient* or hospitalised patient* or hospitalized or hospitalization or 

hospitalisation).ti,ab.

19.  hospital patient/ or aged hospital patient/

20.  inpatient$1.ti,ab.

21.  (postoperative or perioperative).ti,ab.

22.  perioperative period/

23.  15 or 16 or 17 or 18 or 19 or 20 or 21 or 22

24.  routine*.tw.

25.  ritual*.tw.

26.  diagnostic test/

27.  monitoring/ or exp patient monitoring/

28.  (physiologic* monitoring or continuous monitoring).ti,ab.

29.  24 or 25 or 26 or 27 or 28

30.  peroperative care/ not postoperative care/

31.  (adolescent/ or child/ or infant/) not adult/

32.  14 and 23 and 29

33.  32 not 30 not 31

CENTRAL
ID Search

#1  MeSH descriptor Blood Pressure explode all trees

#2  MeSH descriptor Blood Pressure Determination explode all trees

#3  (blood pressure or pulse pressure or systolic pressure or diastolic pressure): ti,ab,kw

#4  MeSH descriptor Body Temperature explode all trees

#5  (body temperature* or organ temperature* or temperature or respiratory rate* or 

respiratory): ti,ab,kw

#6  MeSH descriptor Respiratory Rate explode all trees

#7  MeSH descriptor Respiration explode all trees

#8  MeSH descriptor Heart Rate explode all trees

#9  (heart rate* or pulse rate* or pulse or cardiac rate* or heart frequency or cardiac 

frequency): ti,ab,kw

#10  MeSH descriptor Vital Signs explode all trees

#11  (vital sign*): ti,ab,kw

#12  MeSH descriptor Oximetry explode all trees

#13  (oxygen saturation or oximetr*): ti,ab,kw
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#14  (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR 

#13)

#15  MeSH descriptor Hospitalization explode all trees

#16  MeSH descriptor Hospitals explode all trees

#17  (hospitalized patient* or hospitalised patient* or hospitalized or hospitalization or 

hospitalisation): ti,ab,kw

#18  MeSH descriptor Inpatients explode all trees

#19  (inpatient or inpatients): ti,ab,kw

#20  (postoperative or perioperative): ti,ab,kw

#21  MeSH descriptor Perioperative Care explode all trees

#22  (#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21)

#23  (routine*): ti,ab,kw

#24  (ritual*): ti,ab,kw

#25  MeSH descriptor Diagnostic Tests, Routine explode all trees

#26  MeSH descriptor Monitoring, Physiologic explode all trees

#27  (physiologic* monitoring or continuous monitoring): ti,ab,kw

#28  (#23 OR #24 OR #25 OR #26 OR #27)

#29  MeSH descriptor Intraoperative Care explode all trees

#30  MeSH descriptor Postoperative Care explode all trees

#31  (#29 AND NOT #30)

#32  MeSH descriptor Adolescent explode all trees

#33  MeSH descriptor Child explode all trees

#34  MeSH descriptor Infant explode all trees

#35  MeSH descriptor Adult explode all trees

#36  ((#32 OR #33 OR #34) AND NOT #35)

#37  (#14 AND #22 AND #28)

#38  (#37 AND NOT #31 AND NOT #36)

CINAHL (Ebsco)
Query

S31  S30 not S28 not S29

S30 S14 and S22 and S27

S29 (MH “Adolescence+” OR MH “Child+” OR MH “Infant+”) not MH “Adult+”

S28 MH “Intraoperative Care+” not MH “Postoperative Care+”

S27 S23 or S24 or S25 or S26

S26 (TI physiologic* monitoring or AB physiologic* monitoring) or (TI continuous 

monitoring or AB continuous monitoring)

S25 MH “Monitoring, Physiologic+”

S24 MH “Diagnostic Tests, Routine”
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S23 TX routine* or TX ritual*

S22 S15 or S16 or S17 or S18 or S19 or S20 or S21

S21 TI (perioperative or postoperative) or AB (perioperative or postoperative)

S20 MH “Perioperative Care+”

S19 TI inpatient* or AB inpatient*

S18 MH “Inpatients”

S17 (TI hospitali?ation or AB hospitali?ation) or (TI hospitali?ed W1 patient* or AB 

hospitali?ed W1 patient*) or (TI hospitalized or AB hospitalized)

S16 (MH “Hospitals+”)

S15 (MH “Hospitalization+”)

S14 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13

S13 TI (oxygen saturation or oximetr*) or AB (oxygen saturation or oximetr*)

S12 MH “Oximetry+”

S11 TI vital sign* or AB vital sign*

S10 MM “Vital Signs+”

S9 TI (heart rate* or pulse rate* or cardiac rate* or heart frequency or cardiac frequency) 

or AB (heart rate* or pulse rate* or cardiac rate* or heart frequency or cardiac 

frequency)

S8 MH “Heart Rate”

S7 (MH “Respiration+”)

S6 MH “Respiratory Rate”

S5 TI (body temperature* or organ temperature* or temperature or respiratory rate* 

or respiratory) or AB (body temperature* or organ temperature* or temperature or 

respiratory rate* or respiratory)

S4 MH “Body Temperature+”

S3 TI (blood pressure or pulse pressure or systolic pressure or diastolic pressure) or AB 

(blood pressure or pulse pressure or systolic pressure or diastolic pressure)

S2 MH “Blood Pressure Determination+”

S1 MH “Blood Pressure+”
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APPENDIX B
First selection
Inclusion Exclusion

Prospective studies Admitted to specialized wards, such as ICU, Cardiac 
Care Unit, Emergency Department

Routine vital sign measurement: body temperature, 
heart rate, blood pressure, oxygen saturation, or 
respiratory rate

Primary treatment for illnesses requiring vital sign 
measurements 

Medical and surgical inhospital patients Primary Cardiology, Obstetrics, Neurology

Adults Absence of an abstract in a Western European 
language 

Complication, adverse event, unpredicted medical 
event as outcome

Second selection

Criteria of first selection and adverse events specified: mortality, septic shock, ICU 

admittance, bleeding, reoperation and infection. 

Clinical relevance parameters (sensitivity, specificity, predictive values, likelihood-ratio’s, or 

area under the curve) in abstract or data available to create 2x2 tables

Third selection

Criteria of second selection screened in full text. Additionally studies were excluded which 

only described patients during the first 24 hours after a medical treatment or surgery. 

Articles were also excluded if no complete published reports were available or no clinical 

relevance parameters could be extracted.

APPENDIX C
A: The QUADAS tool16

Item

1. Was the spectrum of patients representative of the patients who will receive the test 

in practice?

2. Were selection criteria clearly described?

3. Is the reference standard likely to correctly classify the target condition?

4. Is the time period between reference standard and index test short enough to be 

reasonably sure that the target condition did not change between the two tests?

5. Did the whole sample or a random selection of the sample, receive verification using 

a reference standard of diagnosis?

6. Did patients receive the same reference standard regardless of the index test result?

7. Was the reference standard independent of the index test (i.e. the index test did not 

form part of the reference standard)?
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8. Was the execution of the index test described in sufficient detail to permit replication 

of the test?

9. Was the execution of the reference standard described in sufficient detail to permit its 

replication?

10. Were the index test results interpreted without knowledge of the results of the 

reference standard?

11. Were the reference standard results interpreted without knowledge of the results of 

the index test?

12. Were the same clinical data available when test results were interpreted as would be 

available when the test is used in practice?

13. Were uninterpretable/ intermediate test results reported?

14. Were withdrawals from the study explained?

B: Quality assessment framework for systematic reviews of prognostic studies14,15

1. Study participation

Description of setting and study period 

Description of inclusion and exclusion criteria 

Description of patient mix 

Number of patients reported  

Number of patients >100 

Mortality rate reported 

Description of patient characteristics 

Study population represents source population 

2. Prognostic factor measurement

Definition of all prognostic factor(s) evaluated 

Description of type of model(s) 

Description of % of participants with complete data and handling of missing values

3. Outcome measurement 

Definition of outcome of interest 

4. Analysis

Description of all evaluation measures 

Description of model building strategy 

Description of test method 

Both aspects of discrimination and calibration evaluated

Separate test set used for testing 

Sufficient presentation of data to assess adequacy of the analysis

No selective reporting of results 

Comparison to reference model
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